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I4’.nagement  of  traumatic  wounds  Involves  rapid  assessment  of  the  extent 
of  injury  and  contamination.  Studies  in  our  laboratory  have  evaluated  the 
interaction  of  antimicrobial  agents  and  Vacteria. 

A fundamental  tenet  in  the  nanagement  of  traumatic  wounds  involves 
successful  wound  cleansing.  Solutions  used  as  wound  cleansers  usually 
contain  an  antiseptic  agent  and  a detergent.  Tl\e  majority  of  these  deter- 
gents have  been  found  to  be  toxic  to  tissue  and  impair  its  defenses.  (con*t 
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PO.  Pliu'oiilc  F-GB  is  a non-ionic  deter^;ent  which  wus  foimd  to  be  non-toxic. 
When  used  to  solubilixc  iodine,  Pluronlc  F-68  forms  a completely  safe  and 
effective  iodophor.  In  order  to  formulate  the  most  effective  iodophor  the 
parameters  of  pH,  iodide  concentratioii,  and  detergent  concentration  were 
evalutited  by  both  "in  vitro"  and  "in  vivo"  tests. 

The  assessment  of  a bacteria's  suscejitibility  to  certain  anl< i irLotics 
is  performed  with  the  standardized  Kirby-Bauer  technliiue.  Results  from  the 
procedure  are  obtained  38-5P  hours  al'ter  a sample  is  taken.  In  critical 
situations  results  are  needed  much  sooner.  Some  physicians  advocate 
sensitivity  testing  directly  from  the  clinical  specimen-.  After  evaluating 
the  variables  of  inoculum  size.  Incubation  time,  tissue  binding  and  mixed 
organisms,  it  was  determined  tliat  direct  antibiotic  sensitivity  testing  is 
a reproducible  technique.  In  certain  cases  the  results  can  be  obtained 
within  seven  hours  of  obtaining  the  specimen. 

Topical  proteol:,'tlc  enzymes  have  been  show;  to  enhance  the  efficacy  of 
delayed  antibiotic  therapy.  Ihirtlier  studies  indicate  that  the  use  of  topical 
enzymes  does  not  inhibit  tissue  defenses  or  wound  healing.  "In  vitro" 
studies  do  suggest  that  the  enzy^ne  solutions  inhibit  white  cell  function. 

The  results  of  interaction  of  tissue  and  bacteria  can  be  predicted  on  the 
basis  of  quantitative  levels.  Standardized  and  reproducible  techniques  have 
been  developed  for  quantitating  the  number  of  aerobic  organisms  in  fluids 
and  tissues.  These  types  of  procedures  are  not  available  in  the  case  of 
anaerobic  bacteria.  A procedure  has  been  developed  which  employs  an  atiaerobic 
homogenization  chamber,  pre-reduced  dilutiot*  fluid,  and  anaerobic  agar.  This 
technique  was  utilized  in  monitoring  the  microbiology  of  burn  wounds.  Wo 
strict  anaerobes  were  found  after  examining  105  burn  wound  biopsies. 
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Every  traumatic  wound  is  contaminated  by  bacteria  and  foreign  debris. 

If  the  number  of  bacteria  in  a wound  is  large  enough  ( 10^),  infection  will 
develop  after  primary  closure.  The  type  of  foreign  debris  lodged  in  a wound 
varies  considerably  with  the  type  of  injury.  Foreign  bodies  may  impair  the 
wound's  ability  to  resist  infection;  the  magnitude  of  this  deleterious 
effect  depends  on  the  chemical  and  physical  configuration  of  the  foreign 
body . 

A fundamental  tenet  in  the  management  of  traumatic  wounds  involves 

successful  wound  cleansing.  A variety  of  agents  have  been  employed  to 

cleanse  the  contaminated  wound.  Some  surgeons  employ  saline  to  wash  the 

contaminants  from  the  wound.  Others  employ  commercially  available  surgical 

scrub  solutions  to  cleanse  the  wound.  These  scrub  solutions  contain  an 

antiseptic  agent  and  a detergent.  The  antiseptic  agent  in  the  solution  kills 

the  viable  contami nants . The  detergents  in  these  solutions  have  a distinct 

advantage  over  saline  in  that  they  reduce  the  surface  tension  between  the 

contaminants  and  the  wound,  thereby  facilitating  their  removal.  Detergents 

can  also  minimize  the  frictional  forces  between  a sponge  and  the  wound,  limiting 

! 

tissue  damage  while  ensuring  wound  cleansing  (1).  In  addition,  they  solu- 
bilize relatively  insoluble  particles  encouraging  their  dislodgement  ^■'om 
the  wound  surface.  Unfortunately,  the  detergents  employed  in  many  surgical 
scrub  solutions  are  toxic  to  tissue  and  impair  its  defenses  (2).  Treatment 
of  wounds  with  these  detergents  potentiates  infection  rather  than  protecting 
them  against  the  development  of  suppuration. 
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S t rue  Cure- tox i c i ty  studies  performed  in  our  laboratory  have  identified 
a nonionic  detergent  that  is  a safe  and  effective  wound  cleanser  (3).  This 
detergent  is  Pluronic  F-68,  a Pluronic  polyol  with  a high  ethylene  oxide 
content  (80  per  cent)  and  a molecular  weight  of  8,350-  The  efficacy  of 
Pluronic  F-68  is  related  to  its  detergent  properties  since  it  has  not  anti- 
bacterial activity.  Topical  application  of  high  concentrations  of  this  deter- 
gent does  not  impair  tissue  defenses  or  wound  healing  (1).  Scrubbing  con- 
taminated wounds  with  sponges  soaked  in  this  detergent  ensures  bacterial 
removal  without  tissue  injury  and  protects  against  infection.  This  same 
detergent  has  been  administered  intravenously  to  human  subjects  without  side 
effects,  providing  strong  evidence  for  its  use  in  man  as  a wound  cleanser. 

The  chemical  structure  of  this  nonionic  detergent  offers  one  additional 
advantage.  The  detergent  can  solubilize  the  relatively  insoluble  elemental 
iodine  to  form  an  iodophor.  This  complex  sofution  has  the  ant i bac te r i a 1 
activity  of  iodine  and  the  cleansing  properties  of  Pluronic.  The  purpose  of 
this  studv  is  to  describe  the  formulation  of  this  iodophor  for  use  as  a 
skin  and  v^ound  cleanser.  In  vivo  and  in  vitro  test  results  that  substantiate 
its  therapeutic  value  are  reported. 


MATERIAL  AND  METHODS 

Preparation  of  Iodine-Containing  Solutions.  One  of  the  major  impediments 
in  the  formulation  of  iodine  solutions  is  the  low  solubility  of  elemental 
iodine  in  water  (0.355  gm/L) . Iodine  solubility  can  be  enhanced  by  complexing 
the  iodine,  making  it  more  stable  in  aqueous  solution.  The  most  common  form 
of  complexation  is  the  use  of  the  iodide  ion  as  in  Lugol's  solution.  Iodide 


reacts  with  iodine  to  form  a soluble  complex  in  accordance  with  the  equation: 


I 


I 


3 


I2  * I ^3~'  Complexation  of  iodine  with  surface  active  agents  also  increases 
its  solubility  with  the  iodine  being  incorporated  within  molecular  aggre- 
gates of  the  surfactant  called  micelles  (4),  Solutions  of  iodine  prepared 
in  this  manner  are  referred  to  as  iodophors.  Iodine  solubility  can  also  be 
enhanced  by  the  addition  of  alcohol  to  form  a tincture  of  iodine. 

A 1 per  cent  aqueous  solution  of  iodine  was  prepared  by  dissolving  iodine 
(1.00  gm,  3-9^  mM)  i’n  water  containing  sodium  iodide  (1.00  gm,  6.67  mM)  and 
diluting  it  to  100  ml.  A 1 per  cent  tincture  of  iodine  was  accomplished  by 
dissolving  1.00  grn  of  iodine  (3.9^  riM)  in  50  ml  of  95  per  cent  ethanol.  To 
this  solution  was  added  1.00  gm  (6.67  mM)  of  sodium  iodide  and  the  mixture 
diluted  to  100  ml  with  distilled  water. 

- Pluronic  F-68  (BASF  Wyandotte  Corp,  Wyandotte,  Michigan)  is  a surface- 
active  agent  that  can  be  used  to  solubilize  iodine  resulting  in  a Pluronic 
iodophor.  Pluronic  F-68  is  synthesized  by  adding  propylene  oxide  to  the  two 
hydroxyl  groups  of  a propylene  glycol  nucleus.  To  the  ends  of  this  hydro- 
phobic base  are  added  hydrophilic  ethlene  oxide  units.  In  the  case  of  Pluronic 
F-68  the  hydrophilic  groups  are  controlled  in  length  to  constitute  80  per 
cent  of  the  final  molecule.  This  polar  molecule  orients  itself  with  respect 
to  iodine  so  that  the  hydrophobic  portion  surrounds  the  iodine  while  the 

r 

remainder  of  the  molecule  forms  a hydrophilic  shell.  This  hydrophilic  shell 

I 

makes  the  iodine  water  soluble. 

In  this  study  tv/o  Pluronic  iodophors  that  differed  only  in  the  concen- 
tration of  sodium  iodide  v;ere  prepared.  Initially,  both  solutions  were  made 
by  adding  10  gm  of  Pluronic  F-68  to  80  ml  of  distilled  water.  In  one  solution, 
!•))  sm  (3-9^^  mM)  of  iodine  and  1 . CO  gm  (6.67  mM)  of  sodium  iodide  were  added. 

To  the  other,  tenfold  more  sodium  iodide  (10.00  gm,  66.7  mM)  was  added  to  the 
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solution  with  a similar  amount  of  iodine  (1.00  gm,  3-9^  mM) . After  solubiliza- 
tion, each  solution  was  diluted  to  100  ml. 

lodophors  containing  po 1 y vi ny 1 py r ro I idone  (PVP)  were  also  prepared  for 
this  study.  Iodine  is  rapidly  solubilized  by  PVP  without  the  aid  of  sodium  io- 
dide. The  pha rmacody nami i cs  of  solubilizing  iodine  with  PVP  are  more  complex 

than  is  the  reaction  between  Pluronic  F-68  and  iodine.  When  iodine  and  PVP 
are  mixed  together,  an  oxidative  chemical  reaction  occurs  that  generates 
enough  iodide  to  ensure  solubilization  of  the  iodine  (5,o).  The  finished 
product  contains  approximately  two  thirds  of  the  original  amount  of  iodine. 

Preparation  of  the  PVP  iodophors  began  by  dissolving  10  gm  of  PVP  (K-30, 
average  molecular  weight  40,000;  Matheson,  Coleman,  S-  Bell,  East  Rutherford, 

New  Jersey)  in  80  ml  of  water.  Elemental  iodine  (1.00  g,.  3/94  mM)  was  then 
added,  stirred  overnight,  and  diluted  to  100  /nl  with  distilled  water.  Similar 
solutions  were  prepared  in  which  different  amounts  of  sodium  iodide  (1.00  gm 
and  10.00  gm)  were  added  concomitantly  with  the  iodine.  Also  included  in 
this  study  was  an  undiluted  solution  of  Betadine'-''  antiseptic  agent  as  obtained 
from  the  manufacturer  (Purdue  Frederick  Co,  Norwalk,  Connect i cut) . This 
commercially  available  antiseptic  agent  is  a PVP  iodophor  that  is  commonly 
employed  by  surgeons  as  a skin  wound  cleanser. 

Previous  ^tudies  indicate  that  the  pH  of  an  iodine  solution  affects  its 
stability  and  antibacterial  activity  (7).  Therefore,  solutions  of  Pluronic 
F-68  and  PVP  iodophors  were  prepared  as  previously  described  except  that  a 
buffered  solution  v/as  employed  as  the  diluent  instead  of  water.  Me  1 1 va i ne 
buffers  with  PH  values  of  2.1  and  4.0  were  made  using  citric  acid  and  sodium 
hydrogen  phosphate,  respectively.  A buffered  solution  with  a PH  of  7.0 
was  also  prepared  using  potassium  dihydrogen  phosphate  and  sodium  hydroxide. 
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Chemistry  of  lodophors.  An  iodophor  contains  a surfactant  or  protein 
that  solubilizes  aqueous  iodine.  This  solubilized  iodine  exists  in  dynamic 
equilibrium  between  complexed  iodine  and  free  iodine.  The  majority  of  iodine 
is  in  the  complexed  form  and  held  within  the  micelles  of  the  surfactant  or 
protein.  Outside  the  micelle  is  a small  amount  of  free  iodine  that  is 
responsible  for  the  antibacterial  activity  of  the  iodophor.  This  level  of  free 
iodine  remains  constant  through  contributions  from  the  large  reservoir 
of  iodine  in  the  complexed  form.  The  total  amount  of  iodine  in  both  the 
free  and  complexed  forms  is  termed  the  available  iodine.  The  quantity  of 
available  iodine  in  any  solution  can  be  determined  by  titration  with  sodium 
thiosulfate. 

Ail  iodophor  solutions  contain  a small  amount  of  free  iodine  that  is  not 

P 

associated  with  the  iodophor  complex.  The  amount  of  such  frefe  iodine  is 

determined  co 1 o r i me t r i ca 1 1 y from  the  amount  of  iodine  extracted  into  an 

immiscible  organic  solvent  (8).  To  a test  tube  containing  1.0  ml  of  test 

solution  was  added  10.0  ml  of  spectroqual i ty  n-heptane.  This  solution  was 

o 

agitated  and  equilibrated  at  ?.5  C.  The  amount  of  iodine  extracted  into  the 
heptane  layer  was  determined  by  its  absorption  at  520  nanometers  on  a 
model  6A  Coleman  spectrophotometer.  Schmidt  and  Winicov  (8)  reported  that 
iodine  absorption  was  linear  throughout  the  range  of  1 to  25  mg  per  100  ml. 

The  concentration  of  free  iodine  is  reported  in  parts  per  million  (ppm)  taking 
into  account  that  iodine  distributes  itself  between  heptane  and  v;ater  in  the 
ratio  of  30:1. 

Germicidal  Activity  of  lod  ine-Conta  inlna  Solutions  (in  vitro).  The 
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effectiveness  of  an  antiseptic  agent  is  often  judged  by  its  immediate  anti- 
bacterial activity.  Ideally,  this  an t i bac te r i a 1 activity  should  persist  for 
a prolonged  period.  An  in  vitro  test  has  been  devised  that  provides  a relative 
indication  of  the  time  interval  in  which  an  antiseptic  agent  exhibits  effective 
antimicrobial  action.  “his  test  measures  the  capacity  of  an  antiseptic  agent 
to  kill  m i croo rgan i sms  for  an  extended  period  of  time  when  the  contaminants 
are  added  sequentially  (9) • In  this  test,  an  eighteen  hour  nutrient  broth 
culture  was  centrifuged  and  the  bacterial  sediment  was  washed  twice  in  saline 

and  then  resuspended  in  an  enriched  AOAC  phenol  coefficient  broth  so  that 

9 

the  final  concentration  of  bacteria  was  2.0  x 10  Eschericia  coli/0.2ml.  In 
the  first  series  of  experiments,  the  broth  was  prepared  by  boiling  5-0 
gm  of  beef  extract  (DIFCO),  5-0  gm  of  sodium  chloride,  and  100  gm  of  peptone 
(DIFCO)  in  900  ml  of  distilled  water.  In  a second  set  of  experiments,  the 
broth  was  prepared  so  as  to  contain  ten  times  the  amount  of  beef  extract  and 
peptone.  The  protein-enriched  broth  was  used  to  accelerate  the  inactivation 
of  some  of  the  iodophors.  After  cooling,  the  pH  of  the  solution  was  adjusted 
to  6.8  and  then  diluted  to  1,000  ml.  The  broth  solution  was  then  sterilized 
by  heating  it  to  250°  under  15  pounds  of  pressure  for  20  minutes. 

At  designated  time  intervals,  0.2,, ml  of  this  contaminated  broth  solution 
,v/as  added  to  KO  ml  of  a test  sample  of  iodine  solution.  At  a specified 
time  interval  after  each  sequential  addition,  a sample  of  the  test  solution 
was  removed  with  a bacterial  culture  loop  (i^mm  in  diameter)  and  subcultured  In 
1.0  ml  of  nutrient  broth  containing  sodium  thiosulfate  (1  per  cent)  to  neu- 
tralize any  transferred  free  iodine.  This  content  of  sodium  thiosulfate  has 
no  inhibitory  effect  on  the  growth  of  E coli  in  nutrient  broth.  All  sub- 
cultures were  incubated  for  three  days  at  37°  C and  then  checked  for  turbidity. 
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If  there  was  some  question  as  to  whether  a solution  was  turbid,  the  nutrient 

broth  was  subcultured  on  nutrient  agar  that  was  subjected  to  an  overnight 
o 

incubation  at  37  C.  The  presence  or  bacterial  colonies  on  the  agar  plates 
was  repeated  twenty  times  for  each  test  solution. 

Rate  of  bacterial  kill.  The  purpose  of  this  phase  of  the  study  is  to 
determine  the  rates  at  which  iodine-containing  solutions  can  sterilize  a 
large  inoculum  of  bacteria  in  vitro.  Triplicate  tubes  containing  either 
0.2  or  0.5  ml  of  either  aqueous  iodine,  tincture  of  iodine,  or  Pluronic  F-68 
were  e.mployed  in  this  study.  Each  solution  contained  1 per  cent  available 
iodine.  To  each  tube  was  added  1.0  ml  of  phenol  coefficient  broth  containing 
6 X lo'^  G col i . At  specified  time  intervals  a measured  aliquot  of  the 
solution  was  removed  utilizing  a calibrated  loop  and  immediately  placed  in 
5.0  ml  of  0.9  per  cent  saline  containing  sod  i,um  thiosulfate  (1  per  cent). 

The  number  of  viable  bacteria  present  in  each  test  loop  was  determined  by 
standard  mi c rob i o log i c dilution  and  plating  technics.  This  sequential 
monitoring  of  the  viable  counts  of  the  treated  solution  provides  an  indica- 
tion as  to  the  rate  at  which  the  antiseptic  agent  kills  the  bacteria. 

Antiseptic  Activity  of  Iodine-Containing  Solutions  In  Contaminated  Wounds 
(in  V i vo) . New  Zealand  albino  rabb i tsnwe i gh i ng  2.4  to  3-0  kg  were  anesthe- 
tized with  pen^toba  rb  i ta  1 sodium  (33  mg/kg).  Their  backs  were  clipped  with 
electric  shears,  depilated  with  Surgex,  and  washed  thoroughly  with  water 
followed  by  70  per  cent  ethyl  alcohol.  Using  aseptic  technic,  standardized 
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surgical  incisions  (2  cm  In  length)  were  made  through  paravertebra 1 skin  down 
to  the  panniculus  carnosus.  Randomized  wounds  on  each  of  the  rabbits  received 
O.l  ml  of  designated  iodine-containing  solutions.  Solutions  evaluated  were 
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tincture  of  iodine,  Betadine  antiseptic  solution,  and  f.vo  Pluronic  F-68 
iodophors;  all  contained  1 per  cent  sod i un  iodide,  and  the  Pluronic  iodophors 
were  buffered  separately  to  pH  2.1  and  4.0  After  the  iodine  solutions 
had  remained  in  the  wounds  of  designated  rabbi ts^for  either  0.5,  1,  2,  or 
3 hours,  the  wounds  were  contaminated  with  2.8  x 10^  E col  i/0.02  ml.  In 
a separate  group  of  rabbits,  0.1  ml  of  the  Pluronic  iodophor  buffered  to  pH 
2.1  was  introduced  into  the  wound.  At  intervals  of  2,3,4,  and  5 hours,  six 
wounds  were  inoculated  with  2.8  x 10^  E coli/0.02  ml.  Thirty  minutes  after 
con  tarn i na t ion , each  wound  was  swabbed  with  a sterile  co t ton- 1 i pped  applicator. 
The  applicator  was  then  immersed  in  5 ml  of  saline  containing  sodium  thiosulfate 
(1  per  cen  w/v) . The  applicator  was  vortexed  for  1 minute  and  the  number  of 
organisms  present  in  the  solution  was  determined  by  standard  ,m  i c rob  i o 1 og  i c 
techn i cs . 

Antiseptic  Activity  o*^  I od  i ne-Con  ta  i n i nc  Solutions  on  Contaminated  Skin. 

The  paravertebra 1 skin  of  anesthetized  rabbits  was  depilated  and  prepared 
with  iodine-containing  solutions.  A measured  volume  (0.1  ml)  of  either 
tincture  of  Iodine  or  Pluronic  F-58  (1  per  cent  of  sodium  iodide,  buffered  to 

a pH  of  2. I)  was  placed  on  the  rabbit's  back  and  spread  uniformly  over  a 
2 

3 cm  area  o;  skin  with  a glass  rod.  At  difrerent  time  intervals,  selected 

r*  j 

areas  were  contaminated  with  0.02  ml  of  saline  containing  1.4  x 10'  E col i . 
Thirty  m i nu tes ^ a f te r contamination,  the  test  sites  were  excised.  The  number 
of  bacteria  in  each  skin  sample  was  determined  by  quantitative  tissue  micro- 
biologic  technics  (10). 

RESULTS 

Chemistry  of  lod i ne-Conta i n i nc  Solutions.  PVP  was  used  to  solubilize 
Iodine  in  aqueous  solution  without  the  addition  of  sodium  iodide.  (Table  l). 
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However,  only  about  60  per  cent  of  the  original  iodine  was  accounted  for  by 
titration  with  sodium  thiosulfate.  Initially  PVP  reacted  chemically  with 
Iodine  to  generate  carbon- iod ine  bonds  and  iodide.  This  iodide  then  assisted 
in  normal  solubilization  of  the  remaining  iodine.  In  contrast,  Pluronic  polyols 
did  not  react  in  an  oxidative  manner  with  iodine  to  generate  iodide  and, 
therefore,  did  not  readily  solubilize  aqueous  iodine  unless  sodium  iodide  was 
added  to  the  solution. 

Use  of  sodium  Iodide  in  preparing  iodophors  not  only  enhanced  the  solubil- 
ization of  iodine  but  also  affected  the  amount  of  free  iodine  in  solution. 

The  amount  of  free  iodine  in  the  lodophor  solution  was  inversely  proportional 
to  the  concent ra t ion  of  sodium  iodide.  Iodophors  of  PVP  without  sodium 
Iodide  contained  more  than  three  times  the  concentration  of  free  iodine  (1.8  ppm) 
than  the  same  lodophor  with  1 per  cent  sodium  iodide  (0.5  ppm).  PVP  iodophors 
containing  10  per  cent  sodium  iodide  had  extremely  small  quantities  of  free  Iodine 
(o.2  ppm).  Similarly,  the  concentration  of  free  iodine  (2.5  ppm)  In  Pluronic 
F-68  Iodophors  containing  only  1 per  cent  sodium  iodide  was  considerably  more 
than  the  free  iodine  concentration  (0.3  ppm)  in  Pluronic  P-68  iodophor 
solutions  containing  10  per  cent  sodium  iodide. 

Germicidal  Activity  of  lod ine-Conta i ni na  Solutions  (in  vitro).  In  this 
test,  heavily  jcontaminated  phenol  coefficient  broth  was  added  sequentially  to 
an  Iodine-containing  solution  every  50  seconds.  Fifteen  and  30  seconds  after 
contamvina t ion , the  antiseptic  agent  was  cultured  for  the  presence  of  viable 
bacteria.  If  bacteria  were  not  detected  in  the  iodine-containing  solution  15 
seconds  after  contamination,  this  was  evidence  for  an  immediate  concentration  of 
free  iodine  that  was  sufficient  to  destroy  the  bacteria.  When  bacteria  were 
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cultured  from  the  antiseptic  agent  solution  15  seconds  after  inoculation  but 
were  not  present  30  seconds  after  inoculation,  this  suggested  that  the 
initial  concentration  of  iodine  was  not  adequate  to  eliminate  all  viable 
bacteria.  However,  the  absence  of  viable  bacteria  30  seconds  after  con- 
tamination suggested  that  sufficient  amounts  of  iodine  were  being  released  over 
an  extended  time  period  to  sterilize  the  bacteria.  The  germicidal  activity  of 
the  iodine  solutions  was  also  judged  by  the  number  of  sequential  additions  of 
contaminated  broth  solutions  that  were  necessary  to  inactivate  the  iodine. 
Inactivation  of  iodine  solution  was  considered  to  be  present  if  viable 
bacteria  were  cultured  from  the  iodine-containing  solution. 

The  free  iodine  concentration  of  iodophors  was  an  Important  determinant  of 
Its  antibacterial  activity.  lodophor  solutions  with  a high  level  of  free 
Iodine  rapidly  eliminated  viable  bacteria.  l/i  contrast,  iodophors  with  low 
levels  of  free  Iodine  exhibited  a slower  rate  of  bacterial  kill  but  displayed 
prolonged  antibacterial  activity  due  to  the  slow  release  of  free  iodine  from 
the  iodophor.  PVP  lodophor,  without  sodium  iodide,  d i sp 1 ay i ng' h igh  levels  of 
free  iodine  rapidly  eliminated  bacteria  even  after  the  addition  of  tv/enty  ali- 
quots of  the  contaminated  peptone  broth.  (Table  l).  PVP  iodophors  containing 
sodium  iodide  failed  to  sterilize  the  first  addition  of  contaminated  peptone 
broth  at  eithe'r  15  or  30  seconds,  Betadine  effectively  sterilized  bacteria 
30  seconds  after  Inoculation  but  failed  to  achieve  a complete  kill  within  15 
seconds . 

Pluronic  F-68  iodophor  containing  1 per  cent  sodium  iodide  rapidly  ster- 
ilized each  of  more  than  twenty  aliquots  of  broth  added  sequentially.  Addi- 
tion of  larger  amounts  of  sodium  iodide  (10  per  cent)  severely  limited  its 
germicidal  capacity.  Pluronic  F-68  iodophors  containing  high  concentrations  of 
sodium  Iodide  did  not  sterilize  any  of  the  aliquots  of  sequentially  added 


contaminated  broth. 
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As  expected,  the  aqueous  fodfne  solutions  and  the  tincture  of  iodine 
rapidly  eliminated  bacteria.  It  was  Interesting  to  note,  however,  that  they 
like  the  iodophors,  resisted  inactivation  of  sequential  addition  of  aliquots  of 
contaminated  broth.  Identification  of  the  iodine-containing  solution  with  the 
most  pronounced  antiseptic  activity  was  facilitated  by  increasing  the  content 
of  protein  In  the  phenol  coefficient  broth  employed  in  the  germicidal  capacity 
test.  Utilizing  this  enriched  medium  the  antiseptic  activity  of  solution  of 
aqueous  iodine  and  tincture  of  iodine,  a Pluronic  F-68  iodophor,  was  measured. 

When  challenged  with  the  enriched  broth  and  bacteria,  the  noncomplexed  iodine 
solutions  lost  their  activity  after  thirteen  sequential  additions  (Table  ll).  The 
germicidal  capacity  of  the  Pluronic  F-68  iodophor  was  apparent  beyond  the  twen- 
tieth addition  of  an  aliquot  of  contaminated  broth.  These  results  Indicated 
that  Iodophors  have  prolonged  germicidal  activity. 

The  pH  of  the  iodophor  solution  was  an  important  determinant  of  its 

ant Ibacterlal  activity.  (Table  111).  When  the  pH  of  the  solution  was  2.1, 

the  Iodophor  exhibited  a greater  degree  of  activity  than  did  the  iodophors  with 

a pH  of  4.0  or  7-0.  The  ability  of  Pluronic  F-68  iodophors  with  a low  level 

of  free  iodine  (0.3  ppm)  to  sterilize  bacterial  contamination  within  30  seconds 

r 

was  apparent  only  when  the  solution  had  a low  pH.  Likewise,  only  the  PVP 
Iodophor  with  k pH  of  2.1  was  able  to  sterilize  the  additions  of  bacteria  with- 
in 15  seconds . 

Rate  of  Bacterial  Kill  of  lod ! ne-Con ta i n i no  Solutions  (in  vitro).  I n 
noncomplexed  iodine  solutions,  like  aqueous  Iodine  and  tincture  of  iodine,  all 
the  iodine  was  free  with  immediate  antibacterial  activity.  When  a large  volume 
(0.5  inl)  of  either  aqueous  or  tincture  of  iodine  was  added  to  broth  containing 
6 x 10^^  E coli,  all  the  bacteria  were  killed  within  20  seconds.  If  a smaller 
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volume  (0.2ml)  of  the  noncomplexed  Iodine  was  added  to  a similar  level  or 
Inoculum  in  broth,  the  bacterial  count  was  Immediately  reduced  to  10  within 
30  seconds.  After  this  time  interval,  the  bacterial  count  of  the  solution 
remained  essentially  unchanged.  This  persistent  level  of  bacteria  indicated 
that  the  antiseptic  activity  of  these  solutions  lasted  short  periods  of 
time. 


The  speed  with  which  the  Pluronic  F-68  lodophor  killed  bacteria  was 
significantly  less  than  that  for  the  noncomplexed  iodine  solutions.  Larger 
volumes  (0.5ml)  of  Pluronic  F-68  lodophor  killed  all  the  bacteria  in  the 
broth  within  90  seconds  as  compared  with  15  seconds  for  a similar  volume  of  the 
noncomplexed  Iodine  solutions.  However,  the  capacity  of  small  volumes  (0.2  ml) 
of  Pluronic  F-68  iodophor  to  sterilize  bacteria  was  superior  to  that  of  similar 

amounts  of  either  aqueous  iodine  or  tincture, of  iodine.  Within  2 minutes, 

/ ■ 

all  bacteria  were  killed  after  treatment  with  this  quantity  of  Pluronic  F-68 
lodophor.  It  Is  important  to  reiterate  that  a similar  volume  of  the  non- 
complexed iodine  solutions  failed  to  sterilize  the  contaminated  broth. 

Antiseptic  Activity  of  lod  i ne-Conta in i no  Solutions  (in  vivo).  The  non- 
complexed iodine-containing  solutions  provided  some  degree  of  protection  of 
the  wounds  from  subsequent  contamination  for  a short  time  interval  (30  minutes). 
It  Is  importarjt  to  note  that  these  solutions  never  completely  eradicated  the 
Inoculum  that  was  added  to  the  standardized  experimental  wound.  Low  levels 
of  viable  bacteria  were  recovered  from  the  wounds  pretreated  with  either  aqueous 
Iodine  or  tincture  of  iodine.  When  the  wound  was  contaminated  60  to  120  min- 
utes after  treatment  with  these  antiseptic  solutions,  no  reduction  in  the 
level  of  bacteria  was  apparent. 

The  superiority  of  the  Pluronic  F-68  iodophor  as  compared  with  these 
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noncomp  1 exed  iodine-containing  solutions  was  readily  apparent.  Treatment  of 


the  wound  with  this  iodophor  buffered  to  pH  2 provided  complete  protection 


against  subsequent  contamination  for  3 hours.  Bacteria  added  to  the  wound 


during  this  time  interval  were  killed  by  the  iodophor.  Germicidal  activity 


of  the  iodophor  was  apparent  for  at  least  another  60  minutes  after  this  time, 


but  it  was  not  sufficient  to  kill  all  the  contaminants.  As  the  pH  of  the 


solution  of  Pluronic  F-68  iodophor  was  increased,  its  therapeutic  effective- 


ness was  diminished.  The  Betadine  iodophor  provided  more  protection  than  did 


the  noncomplexed  iodine-containing  solution  but  significantly  less  than  did 


the  Pluronic  F-68  iodophors, 


The  success  of  the  Pluronic  F-68  iodophor  was  also  apparent  on  skin  sub- 


jected to  subsequent  contamination  with  high  doses  of  E coli  (1.4  x 10^). 


Pretreatment  with  Pluronic  F-68  iodophor  protected  the  skin  from  a challenge  of 


surface  contamination  for  at  least  5 hours.  Thirty  minutes  after  contamination 


with  E coll  during  this  time  interval,  quantitative  cultures  of  the  skin 


failed  to  identify  viable  bacteria.  Tincture  of  iodine  provided  minimal 


protection  against  subsequent  skin  contamination.  This  noncomplexed  iodine 


solution  was  rapidly  inactivated  by  sk.in  and  did  not  exhibit  prolonged  anti- 


bac  te  r i a 1 activity. 


COMMENTS 


Iodine  has  long  been  regarded  as  an  excellent  germicide,  buts  its  use 


has  been  restricted  by  its  physical  properties:  its  low  solubility  in  water 


(0-355  gm/L)  and  its  high  volatility.  The  vapors  generated  from  iodine  solu- 


tions are  irritating  and  sensitizing  to  eyes,  mucosa,  and  skin.  Increasing 


the  solubility  of  iodine  with  the  use  of  alcoholic  solvents  or  the  addition 
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of  sodium  Iodine  does  not  reduce  the  toxic  side  effects  of  volatile  iodine. 

The  development  of  iodophors  has  eliminated  the  problems  encountered  in 

t 

I 

using  noncomplexed  solutions.  Iodophors  are  aqueous  solutions  of  iodine  in  \ 

which  the  iodine  has  been  solubilized  and  stabilized  with  a surface-active  I 

.1 

agent  or  protein.  The  Iodine  In  an  iodophor  Is  In  dynamic  equilibrium  between 
a "complexed"  form  and  a "free'  form.  It  is  the  amount  of  Iodine  In  the  free 
form  that  governs  the  activity  o the  iodophor.  Highly  complexed  iodophors, 
which  have  very  little  free  iodine,  are  very  stable,  do  not  stain,  have  no 
odor,  and  are  non i rr i ta t i ng  to  human  tissue.  However,  this  low  level  of 
free  iodine  is  still  highly  effective  in  killing  bacteria. 

The  ability  of  iodophors  to  maintain  prolonged  activity  Is  a result  of 
slow  release  of  iodine  from  a carrier.  Iodine  release  occurs  only  when  the 
steady  state  level  of  free  iodine  is  depleted  by  reaction  with  a contami na t i ng 
substance.  Therefore,  the  parameters  that  regulate  the  equilibrium  value  of  free 
iodine  should  be  paramount  in  the  formulation  of  an  iodophor.  The  parameters 
of  greatest  importance  are  concentration  of  surfactant,  amount  of  iodine, 
content  of  iodide,  and  pH  of  the  final  solution. 

The  concentration  of  iodine  in  solution  is  directly  proportional  to  the 
amount  of  the  surfactant.  As  surfactant  is  added  to  the  solution,  it  combines 
with  the  iodine  to  form  a soluble  complex.  The  pH  of  the  solution  affect  both 
the  bactericidal  properties  of  the  iodophor  and  its  stability.  Iodine  reacts 
with  water  to  produce  various  hydrated  species  depending  on  the  pH  of  the 

solution  (11,12).  In  highly  acidic  solutions  all  of  the  iodine  Is  titratable  ;j, 

as  elemental  iodine  (I2)  which  has  the  highest  biocidal  activity.  The  high 
content  ol  elemental  iodine  in  iodophor  with  a low  pH  accounts  for  their 

success  in  sterilizing  contaminated  tissue  as  compared  with  Che  iodophors  with  |j 
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a higher  pH.  Lowering  the  pH  also  stabilizes  the  system  and  reduces  the  loss 
or  active  iodine.  As  the  pH  Increases  the  Iodine  changes  into  hypoiodous  acid 
(HIO),  hypoiodate  (10-),  and  finally  to  iodate  Ion  (lO^-)  when  the  solution 
becomes  basic.  The  antiseptic  activity  of  the  basic  iodine  solutions  is 
considerably  less  than  that  of  the  acidic  solutions  containing  elemental 
iodine. 

One  of  the  most  important  parameters  In  the  formulation  of  an  iodophor 
Is  the  content  of  iodide  in  the  solution.  Once  Iodine  has  been  solubilized, 
iodide  regulates  the  equilibrium  value  of  free  Iodine.  Small  additions  of 
iodide  to  the  iodophor  increase  the  complexation  of  iodine,  reducing  the  level 
of  free  iodine.  lodophors  with  low  levels  of  free  iodine  have  prolonged 
germicidal  activity  and  increased  stability. 

The  speed  with  which  iodophor  and  noncomplexed  iodine  solutions  kill 

bacteria  Is  considerably  different.  In  an  aqueous  Iodine  solution  all  of  the 

( 

iodine  Is  In  the  free  form  and  is  available  for  instantaneous  reaction  with  both 
bacteria  and  other  proteinaceous  miaterial.  If  the  Iodine  solution  does  not 
eliminate  all  of  the  bacteria  within  thes^N^rst  few  seconds,  no  further 
significant  bacterial  kill  will  be  observed  since  there  is  no  residual 
activity.  In  contrast,  iodophors  have  a slower  but  sustained  rate  of'  action 
that  allows  for  more  efficient  germicidal  activity.  The  level  of  free  iodine 
in  an  lodophori  can  easily  be  Increased  by  dilution.  The  addition  of  saline 
or  water  to  an  iodophor  results  in  an  iodophor  solution  that  can  kill  bacteria 
rapd i ly . 

The  pharmacodynamics  of  iodophors  make  them  especially  valuable  as  skin 
wound  cleansers  in  surgery.  They  afford  immediate  sterilization  of  the  tissue 
and  prolonged  protection  against  subsequent  bacterial  con  tarn i na 1 1 on . The  non- 
complexed iodine  solutions  are  inactivated  rapidly  during  their  application. 
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Although  they  afford  rapid  bacterial  kill,  they  do  not  protect  the  wound 
against  further  contamination. 

In  developing  an  iodophor,  the  selection  of  the  protein  or  surfactant  to 
solubilize  the  Iodine  is  critical.  For  use  in  human  subjects,  Pluronic  F-68 
has  many  distinct  advantages.  Long-term  toxicity  studies  have  indicated 
that  Pluronic  F-&8  is  safe  (13).  The  successful  use  of  this  polyol  as  an 
Intravenous ly  administered  emulsifying  agent  in  human  subjects  lends  further 
support  to  its  use  (14).  When  It  com.plexes  with  iodine,  the  chemical 
structure  of  Pluronic  F-68  appears  to  be  unchanged  since  the  reaction  Is 
easily  reversible.  In  contrast,  a significant  portion  of  the  PVP  binds 
irreversibly  to  iodine.  PVP  reacts  with  Iodine  to  form  ca rbon- iod I ne  bonds 
and  iodide.  The  exact  nature  and  toxicity  of  this  new  polymeric  compound(s) 
have  not  been  determined. 

PVP  has  had  other  applications  in  clinical  medicine.  German  experience 

I 

at  the  Russian  front  in  World  War  II  established  the  effectiveness  of  PVP 
In  the  treatment  of  shock.  The  demonstration  that  35  to  49  per  cent  of  the 
PVP  was  retained  indefinitely  In  the  body  after  intravenous  injection  stimu- 
lated study  of  the  deleterious  effects  associated  v;ith  this  storage  phenomenon. 
Numerous  clinical  reports  (15-22)  have  noted  the  formation  of  cutaneous 
lesions  after  the  adm i n i s t ra t ion  of  PVP.  Although  the  lesions  are  not  pre- 
cancerous,  they  do  result  in  considerable  cosmetic  deformity. 

The  cutaneous  storage  phenomenon  encountered  after  the  systemic  admin- 
istration of  PVP  reflects  the  kidneys'  inability  to  excrete  molecular  weight 
fractions  of  PVP  greater  than  40,000  dal  tons.  Since  the  commercially  avail- 
able PVP  iodophors  contain  molecular  weight  fractions  greater  than  40,000,  it 
would  seem  prudent  to  restrict  their  use  to  Intact  skin. 
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TABLE  J Germicidal  Capacity  Test  with  Phenol  Coelflclent  Broth 
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TABLE  It  Germicidal  Capacity  Test  with  Enriched  Phenol  Coefficient  Broth 
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Time  Interval  offer  Contaminotlon  (Sec.) 

Figure  1.  R^te  of  baclerio!  kill  of  iodir'e-conioining  solutions 
( in  vilro).  Phronic  F-6S  iodophors  exhibited  more  prcfor‘ged 
anlibocteriaf  octivily  {in  vitro)  than  did  the  noncomplexed 
Iodine  solutions. 
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Ti'm*  of  Socteti'al  Contcminotr'on  ofter’jrsolmonl  (Hri.) 

Figure  3.  Antiseptic  activity  of  iodine  solutions  on  skin. 
Pluronic  F-6S  iodopbors  protected  skin  egoinst  subsequent 
contamination  for  at  least  5 hours. 


INTRODUCTION 

The  Food  and  Drug  Administration  has  recommended  the  Kirby-Bauer  technique 

as  the  standardized  procedure  for  the  determination  of  antimicrobial  disc 

3 

susceptibility.  This  is  a standardized  technique  in  which  variables  like 
culture  medium,  inoculum  type  and  size,  and  concentration  and  stability  of  the 
antibiotic  are  well  controlled.'  General  acceptance  of  the  In  v 1 1 ro  suscep- 
tibility test  has  been  aided  by  its  simplicity.  However,  the  prolonged  time 
interval  (38  to  52  hours)  between  receiving  the  specimen  for  culture  and 
completion  of  the  antibiotic  disc  sensitivity  test  has  remained  a distinct 
disadvantage.  Physicians  are  often  frustrated  by  the  delay  since  it  post- 
pones treatment  with  the  appropriate  an t im i c rob i a 1 drug,  leading  in  some 
cases  to  Increased  m.ortallty  and  morbidity. 

In  these  clinical  situations,  reliable  results  are  needed  more  quickly 
than  can  be  obtained  with  this  conventional  technique.  In  order  to  circu.m- 
vent  this  delay,  physicians  have  advocated  antibiotic  sensitivity  testing 
directly  on  the  clinical  specimen.  When  such  a rapid  test  is  employed, 
many  of  those  variables  are  no  longer  controlled.  The  inoculum  size  may 
vary  considerably.  The  presence  of  mixed  cultures  may  be  a limiting  factor. 

The  binding  of  the  antibiotic  to  the  tissue  may  lead  to  an  erroneous  inter- 
pretation of  the  results.  A reduction  in  the  incubation  time  requirements 

r 

in  the  standard  Kirby-Bauer  test  may  also  influence  the  reliability  of  the 
results.  The  fJurpose  of  this  study  was  to  analyze  critically  the  influence 
of  each  of  these  determinants  on  the  reliability  of  antibiotic  sensitivity 
tests  performed  directly  on  clinical  specimens.  This  study  demonstrates  that 
the  bacterial  susceptibilities  to  antibiotics  as  determined  by  the  modified 
test  correlated  extremely  well  with  those  obtained  by  the  standard  Kirby-Bauer 
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method.  The  potential  of  this  modified  rapid  method  as  a guide  to  in  vivo 
therapy  is  discussed. 


MATERIALS  AND  METHODS 

Experimental  Study 

Bacter la--The  organisms  employed  in  this  study  were  obtained  from  the 
American  Type  Culture  Collection.  Strains  of  Esche r i ch i a coll  and  S taphy 
lococcus  aureus  were  selected  because  they  are  common  pathogens  accounting 
for  burn  wound  sepsis  and  soft  tissue  infections.  The  bacteria  were  main- 
tained on  tryptose  blood  agar  plates.  Prior  to  each  experiment  the  bacteria 
were  transferred  by  sterile  loop  Into  25  ml  of  tryptlcase  soy  broth.  The 
broth  culture  was  agitated  at  37°  C for  eighteen  hours  before  the  bacteria 
were  sedimented  by  centrifugation.  After  decanting  the  broth  supernate,  the 

bacterial  sediment  was  washed  twice  In  0.9%  saline  and  the  final  sediment 

$> 

resu<^pended  In  2.0  ml  of  0.9%  saline.  The  number  of  organisms  in  the  sus- 

( . 

pension  was  quantitated  by  routine  serial  dilution  and  plating  techniques. 

Antibiotic  Susceptibility  Test--  The  test  procedure  was  essentially  that 
of  the  KIrby-Bauer  technique.  Test  plates  were  prepared  by  filling  sterile 
disposable  petri  dishes  (150  mm)  with  Mue 1 1 er-H i nton  agar  to  a depth  of  5 mm. 
These  plates  were  enclosed  in  plastic  bags  and  stored  in  the  refrigerator 

p 

until  used.  At  the  time  of  testing,  a bacterial  suspension  of  known  concen- 
tration was  screaked  onto  the  surface  of  the  agar  In  three  directions  using 
sterile  cotton  swabs.  After  a three  minute  delay,  antibiotic  discs  were  ap- 
plied  to  the  agar  surface  with  an  automatic  dispenser  and  pressed  to  the 
surface  with  sterile  forceps.  During  each  test,  the  following  eleven  anti- 
microbial agents  were  used;  ampicillin,  bacitracin,  chloramphenicol , genta- 
myc  i n , cephalothin,  neomycin,  penicillin  G,  polymyxin  B,  tetracycline, 
streptomycin  and  colymycin.  After  incubation  at  37°  C for  eighteen  hours. 


the  zone  of  Inhibition  around  each  disc  was  measured  with  a ruler  on  the 
undersurface  ot  the  petri  dish.  The  endpoint  was  taken  as  the  complete 
Inhibition  of  growth  as  determined  by  the  naked  eye.  The  zone  diameters 
as  recommended  by  the  Food  and  Drug  Administration  were  used  to  interpret 
the  susceptibility  of  the  bacteria  to  antibiotics.  The  susceptibility  of 
the  organism  was  considered  to  be  either  sensitive.  Intermediate  or  re- 
sistant according  to  the  size  of  the  zone  of  Inhibition.  Six  plates  were 
prepared  for  each  measurement.  The  influence  of  the  following  variables 
on  the  Interpretat Ion  of  the  sensitivity  of  bacteria  to  antibiotics  was 
determined  in  the  next  series  of  experiments. 

Inoculum  Size--  Bacterial  suspensions  of  E . co 1 i or  S.  aureus  were  pre- 
5678  9 

pared  to  contain  10  , 10  , 10  , 10  , or  10  organisms/ml.  Muel ler-, Hinton 

plates  were  streaked  with  the  various  concentrations  of  organisms  and  a 

/ : 

routine  susceptibility  test  performed. 

Incubation  Time--  Plates  from  the  test  above  were  removed  from  the  in- 
cubator after  sever  hours  and  the  zones  of  inhibition  recorded.  The  plates 
were  returned  to  the  incubator  and  reexamined  after  the  standard  eighteen 
hours  of  incubation. 

Tissue  Binding--  Bacterial  suspensions  were  prepared  as  before,  except 
that  the  suspensions  contained  10%  (w/v)  homogenized  tissue.  The  tissues 
employed  were  skin,  muscle,  or  burn  eschar.  Suspensions  of  10%  tissue  were 
very  viscous  and  probably  would  be  the  maximum  am.ount  of  tissue  ever  exposed 
to  an  antibiotic  test  plate.  The  antibiotic  sensitivity  of  these  bacterial 
suspensions  was  compared  to  that  of  bacterial  suspensions  without  tissues 
after  a seven  and  eighteen  hour  incubation. 

Mixed  Cul tures--  The  effect  of  E . co 1 i on  the  interpretation  of  sens!- 
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tivity  of  S.  aureus  to  antibiotics  was  evaluated  by  preparing  suspensions 
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of  10  S.  aureus  which  also  contained  10,10,10,10,  or  10  E . co 1 i . 

8 

This  experiment  was  then  repeated  except  suspensions  of  10  E . col i were 
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prepared  which  also  contained  10  , 10  , 10  , 10  , or  10  S.  aureus.  The 
susceptibility  of  each  of  these  bacterial  suspensions  to  antibiotics  was 
recorded  by  the  standard  Ki rby-Bauer  test. 

Clinical  Study 

Homogenized  clinical  specimens  of  burn  eschar  or  infected  wound  tissue 
were  subjected  to  Immediate  antibiotic  sensitivity  testing.  In  addition  to 
the  eleven  antibiotics  employed  in  the  experimental  study,  another  seven  clin- 
ically important  antibiotics  were  used:  ca rben  i c i 1 1 i n , erythromycin,  kana- 

myc i n , nafcillin,  oxacillin,  tobramycin,  and  vancomycin.  In  addition,  the 
number  of  viable  bacteria  in  the  homogenate  was  quantitated  by  standard  serial 
dilution  and  plating  techniques.  Bacteria  iso’lated  from  the  quantitative  mea- 
surements  were  identified  and  the  individual  antibiotic  susceptibility  o'  each 
isolated  organisms  determined  by  the  standard  Ki rby-Bauer  procedure. 


RESULTS 


Expe  r imenta 1 

t- 

Inoculum  Size--  A heavy  growth  of  organisms  on  the  agar  plate  is  essen- 
tial to  permit  (interpretation  of  the  antibiotic  susceptibility.  A bacterial 
inoculum  of  10^  or  less  cganisms  resulted  in  non-confluent  growth  on  the 

plate  in  which  the  zones  oi'  Inhibition  are  not  readable.  A non-confluent  but 

6 , ■ 7 

readable  growth  pattern  was  encountered  with  10  and  10  organisms.  Determin- 

6 

ation  of  antibiotic  sensitivities  at  this  level  is  fortuitous,  since  10 


or  more  bacteria  result  In  clinically  significant  wound  iniectlon  and  burn 


wound  sepais  while  smaller  doses  of  bacteria  are  clinically  insignificant. 

8 

When  the  inoculum  delivered  to  the  agar  plate  was  10  or  greater,  a confluent 
lawn  of  bacteria  was  readily  apparent  (n  which  antibiotic  sensitivity  testing 
was  easily  accomplished. 

When  the  zones  were  readable,  Inoculum  size  had  an  insignificant  effect 
on  the  Interpretation  of  antibiotic  susceptibility.  After  an  eighteen  hour 
incubation,  only  small  differences  in  zones  of  Inhibition  were  observed  when 
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the  inoculum  was  varied  from  10  to  10  organisms/ml.  The  zone  of  inhibition 
was  frequently  inversely  proportional  to  the  inoculum  size.  Increasing  the  in- 
oculum size  usually  resulted  in  a slight  decrease  in  the  diameter  of  the 
zone  of  inhibition.  The  resultant  reduction  in  zone  size  did  not  affect  the 
interpretation  of  antibiotic  susceptibility  in  any  o.  the  254  tests  performed 
vjith  E . CO  1 i and  in  only  one  of  264  tests  conducted  with  S.  aureus. 

Incubation  Time--  With  E . co 1 i and  S.  aureus,  small  differences  in  zone 
size  were  observed  when  the  results  were  recorded  after  seven  hours  as  compared 
to  those  measured  following  an  eighteen  hour  incubation.  These  changes  In 
zone  size  on  agar  plates  containing  E . co 1 i Influenced  the  I n te rpre ta t ion  of 
results  in  14  of  264  tests.  An  initial  reading  of  intermediate  at  seven  hours 
was  changed  to  reslsuonc  after  an  additional  eleven  hours  of  Incubation.  These 

'A 

changes  were  restricted  to  the  chloramphenicol  discs  when  the  Inoculum  was  10 
and  10^  and  Involved  only  a 2 mm  alteration  in  the  diameter  of  inhibition.  An 
initial  reading  of  sensitive  at  seven  hours  which  was  subsequently  read  as  inter- 
mediate accounted  for  three  of  the  changes  in  the  tests  involving  S . aureus  . 

Five  other  changes  occurred  with  S.  aureus  which  fell  into  the  intermediate 


range  at  seven  hours,  changing  to  resistant  at  eighteen  hours. 


It  is  important 


JO 


to  note  that  readings  of  sensitive  never  ciianged  to  resistant  as  a result  of 
altering  the  length  of  incubation. 

Tissue  Binding — The  presence  of  tissue  (10%)  in  the  homogenate  fluid 
did  not  significantly  change  the  i nterpretat ion  of  antibiotic  susceptibility 
of  either  E.  coli  or  S.  aureus.  I nterpretat ion  of  the  antibiotic  sensitivity 
test  was  altered  in  only  four  of  464  tests  as  a result  of  the  presence  of 
tissue  in  the  bacterial  suspension.  In  these  exceptions,  the  reading  was 
changed  from  sensitive  to  Intermediate  in  specimens  containing  eschar. 

M i xed  Cu 1 tures--  In  mixed  cultures,  the  interpretation  of  antibiotic  j 

susceptibility  was  related  to  the  number  of  bacteria  in  the  culture.  When 
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10  or  less  E.  coli  v/ere  added  to  a suspension  containing  10  S.  aureus,  the 

determination  of  antibiotic  sensitivities  of  the  S.  aureus  was  easily  mad  and 

unchanged  from  that  encountered  with  S-.  aureus  alone.  These  levels  of  E . coli 

f 

resulted  in  non-confluent  growth  that  did  not' m.ask  the  inhibitjon  zones  in 
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S.  aureus.  When  10  or  10  E . coli  were  present  In  the  S.  aureus  suspension, 

both  organisms  grew  to  produce  confluent  lawns.  In  this  case,  the  diameter 

of  the  inhibition  zone  was  determined  by  the  least  sensitive  organism.  This 

is  exemplified  by  the  antibiotic  susceptibility  to  tetracycline  of  mixed 

0 

cultures  of  large  numbers  (10  ) of  both  E . coli  and  S.  aureus.  In  these 

r 

mixed  cultures,  the  clear  zone  of  inhibition  around  the  tetracycline  disc 
measured  6 mm  comparable  to  that  in  a culture  of  only  E . coli.  This  size  of 
the  zone  of  inhibition  due  to  tetracycline  on  plates  with  E . coli  was  con- 
siderably smaller  than  that  (28  mm)  encountered  on  plates  subjected  to  large 
numbers  of  S.  aureus. 

In  these  mixed  culture  experiments,  'we  observed  an  interesting  growth 
pattern  that  provided  insight  Into  the  antibiotic  sensitivity  of  the  mixture 


of  organisms  growing  on  agar  plates.  This  growth  pattern  occurred  when  there 
were  dramatic  differences  in  the  sizes  of  the  zones  of  inhibition  of  the  mix- 
ture of  organisms  as  in  the  above  case.  A complete  zone  of  Inhibition  was 
readily  apparent,  indicating  the  antibiotic  susceptibility  of  the  most 
resistant  organism.  in  addition,  a larger  incomplete  zone  of  inhibition  was 
noted  around  the  clear  zone,  denoting  the  antibiotic  susceptibility  of  the 
more  sensitive  organism.  The  size  of  this  incomplete  zone  of  inhibition  was 
comparable  to  that  of  the  clear  zone  noted  in  the  tests  performed  on  the 
more  sensitive  organism..  The  organism  isolated  from  the  incomplete  zone  of 

inhibition  was  the  most  resistant  organism.  Similar  results  were  obtained  when 

0 

a suspension  of  10  E . co 1 i was  mixed  with  varying  numbers  of  S.  aureus 
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(10  to  10  ).  Again,  the  clear  zone  of  inhibition  was  determined  by  trie  least 
sensitive  organism. 

Cl  i n i ca 1 , 

During  a seven  month  period  we  conducted  a preliminary  study  to  com.pare 
the  results  of  the  direct  antibiotic  susceptibility  test  of  clinical  spec- 
imens with  that  obtained  from  Individual  isolates  of  the  same  specimen.  During 

r 
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this  interval,  80  clinical  specimens  were  obtained  which  contained  at  least  10 
organisms/gm  of  tissue.  865  antibiotic  tests  were  performed  on  the  isolated 

p 

colonies  using  the  standard  Kirby-Bauer  procedure.  An  agreement  between  these 
two  tests  was  encountered  in  699  (8l%)  of  the  cases.  In  19%  of  the  tests  In 
which  there  was  disagreement,  the  combination  of  one  organism  with  a zone  size 
interpreted  as  sensitive  with  another  organism  whose  zone  size  was  considered 
resistant  resulted  in  a zone  size  interpreted  as  resistant.  In  no  cases  did 
we  find  a mixture  of  organism, s yielding  a resistant  interpretation  when  the  same 
individual  organisms  gave  a zone  which  was  judged  to  be  sensitive. 
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DISCUSSION 

This  preliminary  study  demonstrated  the  feasibility  of  direct  antibiotic 
testing  of  clinical  specimens.  The  major  advantage  gained  by  this  modified 
technique  was  the  ability  to  determine  antibiotic  susceptibilities  of  the 
pathogen  within  seven  hours  after  submission  of  the  sample.  The  modification 
employed  did  not  alter  most  of  the  standards  recom.mended  by  the  Food  and  Drug 
Administration,  since  there  was  no  inclusive  change  in  the  medium,  agar  depth 
or  antibiotic  sensitivity  disc. 

The  changes  in  the  Kirby-3auer  test  necessitated  by  using  the  clinical 

specimen  rather  than  the  isolated  bacteria  did  not  significantly  alter  the 

Interpretation  of  the  antibiotic  susceptibility.  When  a clinically  signifi- 
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cant  number  of  bacteria  (10  -10  ) were  present  in  the  clinical  specimen, 

variations  in  the  inoculum  size  did  not  appreciably  change  the  results  of  the 

antibiotic  susceptibility  tests.  Reducing  tfre  Incubation  requirement 

/ 

for  the  standard  Kirby-Bauer  antibiotic  susceptibility  test  from  eighteen  to 

seven  hours  also  did  not  significantly  limit  the  accuracy  of  the  test.  The 

feasibility  of  recording  the  results  of  antibiotic  susceptibility  tests  after 

this  short  time  interval  has  also  been  demonstrated  in  separate  studies  by 

^ 2 

Liberman  and  Robertson  and  Boyle  e t a 1 using  isolated  bacterial  cultures. 

As  expected,  the  variables  most  dCfficult  to  standardize  in  the  direct 

test  was  the  heterogenous  inoculum  containing  large  numbers  (10  ) of  different 

organisms.  In  these  cases,  a zone  of  inhibition  interpreted  as  sensitive  with 

one  organism  was  masked  by  the  presence  of  the  confluent  growth  of  an  organism 

whose  zone  of  inhibition  was  considered  resistant.  We  did  not  encounter  the 

circumstance  In  which  a number  of  sensitive  species  gave  reactions  interpreted 

5 

as  resistant  when  tested  in  combination.  However,  even  in  this  case  it  is 
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possible  that  mixed  culture  sensitivities  may  provide  the  most  valid  inrormation 
In  mixed  infections  since  they  most  closely  simulate  the  real  clinical  situation.^ 

The  merit  of  direct  antibiotic  sensitivity  testing  of  clinical  specimens  must 
awa I r further  experimental  and  clinical  studies  in  which  the  results  of  the 
proposed  sensitivity  are  shown  to  have  some  correspondence  with  the  clinical 
s i tuat Ion . 

SUMMARY 

The  purpose  of  this  study  was  to  develop  a more  rapid  antibiotic  sensitivity 
test  of  the  pathogens  In  soft  tissue  infections  and  burn  wound  eschar.  The 
proposed  rapid  antibiotic  sensitivity  was  performed  directly  on  the  clinical 
specimen  rather  than  on  single  strains  of  bacteria  isolated  from  the  tissue.  ; 

Performing  the  antibiotic  sensitivity  tests  directly  on  the  tissue  sample  allows 
the  physician  to  receive  the  test  results  seven  hours  after  receiving  the  spec- 
imen rather  than  38-52  hours  later,  a time  delay  encountered  with  the  con- 
ventional technique.  This  modification  employed  did  not  alter  most  of  the 
standards  recommended  by  the  Food  and  Drug  Administration  since  there  was  no 
Inclusive  change  in  the  medium,  agar  depth  or  the  antibiotic  sensitivity  disc. 

The  changes  in  the  Ki rby-Bauer  test  necessitated  by  using  the  clinical 
specimen  did  not  alter  s ign i f i can t 1 y the  interpretation  of  the  antibiotic 
susceptibility.  When  clinically  significant  numbers  of  bacteria  (10  -10^) 
were  present,  '(variations  in  the  inoculum  size  did  not  appreciably  change  the 
results  of  the  antibiotic  susceptibility  tests.  Reducing  the  incubation  re- 
quirement for  the  standard  Ki rby-Bauer  antibiotic  susceptibility  test  to  seven 
hours  also  did  not  significantly  limit  the  accuracy  of  the  test. 
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As  expected,  the  variable  most  difficult  to  standardize  was  the  hetero- 
genous Inocula  containing  large  numbers  (10^)  of  different  organisms.  A 
zone  of  inhibition  interpreted  as  sensitive  with  one  organism  was  occasionally 
masked  by  the  presence  of  the  confluent  growth  of  an  organism  whose  zone 
of  inhibition  was  considered  resistant.  However,  even  in  this  case,  it  is 
possible  that  mixed  culture  sensitivities  may  provide  the  miost  valid  infor- 
mation In  mixed  Infections,  since  they  more  closely  simulate  the  real 
clinical  s i tua t ion . 
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Ill  side  Effects  of  Topical 
Proteolytic  Enzyme  Treatment 


* 


INTRODUCTION 

Immediate  treatment  of  heavily  contaminated  wounds  with  either 
topical  or  systemic  antibiotics  can  reduce  the  wound  Infection  rate. 
When  antibiotic  treatment  Is  delayed  for  three  or  more  hours,  the  bene- 
fits of  antibiotic  treatment  are  considerably  less.  This  developing 
resistance  to  antimicrobial  therapy  has  been  correlated  with  an  ex- 
agerated Inflammatory  response  of  the  open  wound.  The  vessels  within 
these  wounds  exhibit  marked  increase  In  vascular  permeability.  A 
protein  rich  fluid  extravasates  Into  the  wound  forming  a fib'inous 
coagulum.  As  the  coagulum  accumulates,  the  contaminated  wound  becomes 
refractory  to  antibiotic  treatment.  It  appears  thalt he  fibrinous 
coagulum  surrounds  the  bacteria  preventing  them  from  contacting  the 
topically  or  systemically  administered  antibiotics. 

Hydrolysis  of  this  surface  coagulum  by  proteolytic  enzymes  con- 
siderably prolongs  the  effective  period  of  antibiotic  action.  The 
efficacy  of  proteolytic  enzymes  as  adjuncts  to  antibiotic  treatment 
Is  directly  related  to  its  fibrinolytic  activity.  Topical  treatment 
with  an  enzyme  that  has  substantial  fibrinolytic  activity  can  enhance 
the  wound’s  susceptibility  to  antibiotic  treatment.  This  benefit  of 
proteolytic  enzymes  must  be  weighed  against  any  possible  side  effects. 
As  a result  of  their  fibrinolytic  activity,  the  enzymes  may  Interfere 
with  wound  healing  or  damage  < the  host  or  local  tissue  defenses. 

The  validity  of  these  hypotheses  are  examined  In  these  experimental 


stud  I es . 


MATERIALS  AND  METHODS 


Enzwe 

A Bac 11 1 us  subt 1 1 us  protease  was  the  proteolytic  enzyme  employed 

'*  f 

In  these  experiments.  This  enzyme  was  supplied  as  a lyophlllzed 
powder  by  Flint  Lafaorator ies , (Norton  Grove,  Illinois).  In  previous 
studies,  the  protease  exhibited  considerable  fibrinolytic  activity 
and  proved  to  be  an  effective  adjunct  to  delayed  antibiotic  treatment 
of  contaminated  v/ounds.  Before  each  experiment,  the  enzyme  was  solu- 
bilized In  0.9%  sod  I urn  chloride  to  the  desired  concentration  and 

P 

filtered  through  a 0.22  u Millipore  ' filter  to  remove  bacterial  con- 
taminants . 

Standard  Animal  Model 

Male,  Hartley  guinea  pigs  weighing  300-350  crams  were  anesthetized 
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by  an  I n t rape r i tonea I injection  of  sodium  pentobarbital.  (The  backs 
of  each  animal  wasclipped,  depilated  v/ith  Surgex^,  washed  thoroughly 
with  water,  and  swabbed  with  70%  alcohol.  Two,  standard,  paravertebral 
Incisions  were  made  in  each  animal.  The  wounds  measuring  3 cm  In  length 
extended  down  through  the  panniculus  carnosus.  Bleeding  was  stopped 
by  sterile  gauze  pressure. 
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Wound  Healing 

The  purpose  of  this  first  experiment  v/as  to  examine  the  influence 
of  topical  enzyme  treatment  on  wound  healing.  In  12  animals,  0.1  ml 
of  the  enzume  (12,000  PC)  was  applied  topically  to  one  wound  in  each 
animal.  The  concentration  of  enzyme  employed  in  these  studies  is  suf- 
ficient to  enhance  the  effectiveness  of  delayed  antibiotic  treatment. 
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The  contralateral  wound  was  subjected  to  a similar  volume  of  0.9% 
saline  serving  as  the  control.  Ten  minutes  later  all  wounds  were 
closed  with  microporous  tape.  Fourteen  days  post-wounding,  the 
breaking  strength  of  each  wound  was  assessed.  The  breaking  strength 
of  a wound  Is  a measure  of  the  force  required  to  disrupt  a wound  with- 
out regard  to  Its  dimensions. 

This  measurement  was  initiated  by  making  two  parallel  incisions 
(3  cm  In  length)  6 mm  from  each  wound.  Each  incision  extended  through 
the  panniculus  carnosus.  Two  clips  were  then  attached  to  the  divided 
skin  edges  adjacent  to  the  wound  at  a distance  of  3 mm  from  the  healing 
wound.  One  clip  remained  stationary  while  the  other  clip  was  attached 
to  a continuous  drive  motor  with  a screw  gear  advance  by  means  of  a 

strain  gauge.  This  latter  device  was  connected  to  a Hewl i tt-Packard 
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recorder  through  an  amplifier  system.  As  the  drive  motor  pulled  the 
clips  at  a rate  of  8 mm/mln.,  the  strain  gauge  recorder  system  provided 
a measure  of  the  applied  tension  (gram-force)  necessary  to  disrupt 
the  hea 1 i ng  wound . 

Resistance  to  Infection 

The  purpose  of  this  phase  of,, the  study  was  to  determine  the  effect 
of  topical  proteolytic  enzyme  treatment  on  the  tissue's  resistance 
to  infection.  In  this  experiment,  28  guinea  pigs  with  standardized 
wounds  were  included  in  this  study.  One  wound  in  each  animal  was 
subjected  to  a topical  treatment  with  0.1  ml  of  0.9%  saline  serving 
as  the  control.  Ten  minutes  later,  each  v/ound  was  blotted  with  a 
sterile  gauze  sponge.  The  animals  were  then  subdivided  into  tv/o  treatment 


groups.  In  one  group,  both  wounds  In  each  animal  were  contaminated  by 
3,3  X 10  Staphylococcus  aureus  In  0.1  ml  of  0.9%  saline.  The  wounds 
In  the  other  group  of  animals  were  subjected  to  a larger  bacterial 
Inoculum  (1.1  x 10  ).  Five  minutes  after  contamination,  the  edges 
of  the  wounds  were  approximated  by  tape. 

On  the  fourth  postoperative  day,  the  Inflammatory  responses  of 
the  wounds  were  measured.  The  width  of  the  Indurated  margin  of  each 
wound  was  recorded  In  mm.  Each  wound  v;as  opened  and  examined  for 
evidence  of  purulent  discharge.  A relative  estimate  of  the  number 
of  bacteria  In  each  wound  was  made.  The  entire  length  of  each  wound 
was  swabbed  three  times  with  a cot ton-t Ipped  applicator  after  which 
time  the  contaminated  sv/ab  was  Immersed  into  5 ml  of  0.9%  saline. 

The  tube  containing  the  bacterial  suspension  was  then  agitated  on  a 
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Vortex^  mixer  for  one  minute.  The  number  of  bacteria  In  the  suspension 
was  then  quantitated  by  standard  serial  dilution  technics. 

Leukocyte  Phagocytosis  and  Intrace) lular  Kill 

Traumatic  injury  and  subsequent  bacterial  contamination  elicit  an 
Inflammatory  response  against  infection.  Alteration  In  the  mlcrovas- 
culature  occurs  that  allows  extravasation  of  phagocytic  -cells  into 
the  tissue.  These  cells  possess  the  capacity  to  ingest  and  kill  In- 
vading bacteria.  Once  the  microorganism  Is  phagocy t Ized , it  Is  normally 
destroyed  by  I nt race  1 1 u 1 ar  digestion.  Microbial  death  does  not  always 
follow  phagocytosis,  however,  and  certain  bacteria  will  survive  within 
the  leukocyte  for  prolonged  periods  of  time.  This  phase  of  the  study 


examined  the  effect  of  the  proteolytic  enzyme  on  the  ability  of  the 
leukocyte  to  phagocytize  and  kill  bacteria. 

In  vitro  measurement  of  leukocyte  function  was  patterned  after 
the  technic  described  by  Mandel.^  Fresh  venous  blood  collected  In 
heparinized  tubes  v;as  combined  with  an  equal  volume  of  3%  Dextran  and 
placed  at  a ^5°  angle  for  one  hour  In  order  to  sediment  the  erythro- 
cytes. The  supernatant  containing  plasma,  leukocytes,  and  platelets 
was  centrifuged  at  Z80  g for  12  minutes  and  the  resulting  button  or 
white  blood  cells  (10^)  was  resuspended  In  3.^  ml  of  Hank's  balanced 
salt  solution  and  0.4  ml  of  autologous  serum.  The  fresh  autologous 
serum  contains  the  opsonins  and  complement  system  that  facilitates  phag- 
ocytosis of  foreign  particles.  To  one  half  of  the  white  call  suspen- 
sions was  added  4 mg  (12,000  PC  units)  of  enzyme  powder.  The  remaining 
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cell  suspensions  were  not  subjected  to  the  enzyme  and  served  as  controls. 
All  tubes  received  0.2  ml  of  a bacterial  suspension  (10^)  of  S.  aureus 
(ATCC  12,600).  The  tubes  were  then  rotated  at  12  rpm  and  maintained 
at  37°  C. 

Upon  bacterial  Inoculation  and  at  one  and  two  hours  post  Inoculation, 
a measured  aliquot  (O.I  ml)  of  fluid  was  removed  from  both  test  and 
control  samples.  This  aliquot  was  diluted  in  sterile  water  (9-9  ml) 
and  vortexed  for  2 minutes  In  order  to  lyse  the  leukocytes.  The  number 
of  bacteria  within  the  water  represents  both  the  free  bacteria  as  well 
as  those  phagocytized  but  viable  within  the  cells.  Knowledge  of  the 
total  number  of  bacteria  over  time  revealed  the  phagocytic  bactericidal 


capacity  of  the  white  cells. 

A second  aliquot  (0,5  ml)  was  also  removed  upon  Inoculation  and 
at  one  and  two  hours  post  Inoculation  and  diluted  In  sterile  saline 
(4.5  ml).  Through  differential  centrifugation  (280  g) , the  free 
bacteria  (supernatant)  were  separated  from  the  leukocytes  (sediment). 
After  sampling  the  sediment  and  supernatant,  the  leukocytes  in  the 
sediment  were  then  lysed  In  sterile  water  In  order  to  release  any 
phagocytized  yet  viable  bacteria.  The  number  of  free  extracellular 
and  intracellular  bacteria  was  measured  using  standard  serial  dilution 
and  plating  technique.  Quantitation  of  extracellular  bacteria  (super- 
natant) over  time  provides  a measure  of  phagocytosis,  while  quanti- 
tation of  Intracellular  bacteria  (sediment)  provides  an  index  of  the 
actual  bactericidal  action  v;lthln  the  leukocyte. 
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RESULTS 

Topical  treatment  of  the  wound  with  a proteolytic  enzyme  had  no 

demonstrable  effect  on  wound  healing  (Fig.  I).  The  breaking  strength 

of  the  wound  subjected  to  enzyme  treatment  did  not  differ  significantly 

from  that  of  the  control  wounds.  Similarly,  short  term  topical 
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enzyme  treatment  had  no  damaging  effect  on  the  wound's  resistance  to 
Infection^  Wounds  pretreated  with  enzymes  were  able  to  resist  the 
development  of  infection  to  a degree  similar  to  that  of  the  control 
wounds  pretreated  with  saline  (Fig.  2).  Enzyme  treatment  was  asso- 
ciated with  a significantly  wider  indurated  wound  mrrgln  than  the 
controls.  For  the  animals  receiving  3.3  x 10^  bacteria,  an  elevat.:d 
bacterial  count  was  associated  with  the  widened  indurated  margins  of 


the  enzyme  treated  wounds.  For  wounds  receiving  a higher  level  of 
Inoculum,  the  bacterial  counts  of  the  saline  and  enzyme  treated  wounds 
were  remarkably  similar. 

These  1 nocuous  effects  of  enzyme  on  the  wounds  In  vitro  are  In 
sharp  contrast  to  their  deleterious  Influence  on  white  blood  cell 
function  In  vivo.  In  the  presence  of  the  enzyme,  leukocytes  were  not 
able  to  phagocytize  bacteria.  As  a result  of  this  remarkable  inhibition 
of  bacterial  Ingestion,  the  leukocyte  had  no  significantly  bactericidal 
capi  c I ty . f 

COMMENTS 


In  vivo,  topical  enzyme  treatment  for  short  periods  of  time  appears 
to  be  Inocuous.  The  presence  of  the  enzyme  in  the  wound  did  not  Inter- 
fere with  either  VAaund  healing  or  wound  Resistance  to  infection.  The 

/ 

only  side  effect  encountered  was  a widened  Indurated  margin  which  in 
one  set  of  animals  was  correlated  with  an  elevated  bacterial  count. 

In  V i t ro  studies  suggest  that  prolonged  contact  with  the  enzyme 
may  have  some  potential  deleterious  effects.  In  the  presence  of  the 
enzyme  for  one  to  two  hours,  the  leukocyte's  ability  to  phagocytize 
bacteria  was  not  apparent.  Conseq'^uently,  enzyme  treated  leukocytes 
had  no  demonstrable  capacity  to  kill  bacteria.  The  period  of  time 
In  which  the  leukocyte  was  exposed  to  theenzyme  (In  vitro)  was  sub- 
stantially longer  than  the  time  of  enzyme  contact  (10  minutes)  with 
the  wound  surface.  Limiting  the  period  of  enzyme  wound  treatm.ent 
to  this  short  time  interval  may  reduce  considerably  Its  effect  on 


white  cell  function  In  ylyo. 
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The  results  of  the  study  Indicate  that  short  term  treatment  of 
wounds  with  topical  enzymes  appears  to  be  safe  and  Is  accompanied  by 
few  clinically  significant  side  effects.  The  potential  benefits  of 
this  treatment  In  experimental  wounds  as  an  adjunct  to  antibiotics 
considerably  outweighs  its  damaging  effects.  Its  clinical  use  In 
patients  must  axait  the  results  of  carefully  controlled  clinical  trials 
In  which  the  efficacy  of  their  treatment  Is  evaluated. 


IV.  CLUANTITATIVE  ANAEROBIC  MICROBIOLOGY 


OF  BURN  ESCHAR  AND  INFECTED  WOUNDS 


48 


IV.  QUANTITATIVE  ANAEROBIC  MICROBIOLOGY  OF  BURN  ESCHAR  AND  INFECTED 

WOUNDS 

A quantitative  relationship  exists  between  facultative  bacterial 
species  and  the  occurrence  of  burn  wound  sepsis  and  the  incidence  of 
wound  Infection.  On  this  basis,  quantitative  bacteriology  has  been 
employed  to  predict  the  development  of  infection.  The  techniques  em- 
ployed to  measure  the  number  of  v/ound  pathogens  have  been  standardized 
In  our  laboratory.  The  methodology  Involved  Includes  weighing  the 
tissue,  homogenization  of  the  clinical  specimen,  rapid  slide  measuremient 
of  the  total  number  of  bacteria  in  the  homogenate  followed  by  a 
viable  count  of  the  aerobic  and  facultative  species.  Frequently,  the 
number  of  bacteria  as  ascertained  by  the  rapid  slide  measurement 
differs  considerably  from  the  viable  count.  This  discrepancy  may  be 
explained  by  the  presence  of  non-viable  organisms  In  the  wound  or 
obligate  anaerobes  In  the  specimen  that  succumb  in  the  presence  of 
oxygen.  The  validity  of  this  hypothesis  can  be  ascertai-ed  by  standard- 
ized reliable  and  reproducible  quantitative  anaerobic  mi c rob iolog i c 
techniques.  To  this  end,  we  have  attempted  to  develope  such  technics. 
The  reliability  of  a variety  of  proposed  techniques  is  being  conf i rmed 

by  standard  chemical  and  bacterlolog ic  tests. 
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A.  Chemi ca 1 --Puri ng  a quantitative  anaerobic  measurement,  an  anaerobic 
environment  must  be  continually  maintained.  For  each  experiment,  the 
environmental  conditions  are  monitored  by  an  Indicator  (resazurin)  In 
the  media  and  salt  solution.  When  the  redox  potential  is  raised  to  a 


level  greater  than  -40  mv,  the  indicator  exhibits  a pink  color  indicating 
exposure  to  molecular  oxygen.  if  the  quantitative  technic  results  in 
such  a change,  the  measurement  would  probably  discriminate  against 
strict  anaerobes  and  only  allow  growth  of  less  oxygen-sensitive 
anaerobes  (microaerophi 1 Ic  organisms). 

B.  Bacterloloqlc — Anaerobic  bacteria  are  usually  considered  to  be 
bacteria  which  grow  only  In  the  absence  of  oxygen.  Yet,  among  the 
anaerobes  It  Is  apparent  that  degrees  of  sensitivity  to  molecular 
oxygen  exist.  Three  obligate  anaerobes  with  varying  degrees  of  aero- 
tolerance  have  been  included  in  our  bacteriolog ic  evaluation.  These 
Include  Clostridium  hem.olyticum  (ATCC  965O  that  exhibits  maximum  growth 
at  pO^  0.5%),  Bacterlodes  fraaills  with  maximum  grov/th  at  pO^  3%,  and 
Fusobacter  i UFii  nucieatum  strain  JCFan  organism  that  grows  best  at  p02  S7o. 

A requirement  for  an  accurate  quantitative  anaerobic  technique  is  that 
it  permit  cultivation  and  measurement  of  these  anaerobes  in  vl t ro . By 
recording  changes  in  the  numbers  of  these  oxygen  sensitive  organisms 

as  a result  of  the  quantitative  process,  defects  in  the  quantitative 
techniques  have  been  Identified. 
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Utilizing  these  standard  techniques,  the  following  technical  problems 
I 

have  been  encountered  in  the  development  of  a standardized  quantitative 
measurement  for  anaerobic  bacteria. 

C . Maintenance  of  Continuous  Anaerob I o s I s 


1.  Gassing  the  Chamber  with  Carbon  Dioxide 

During  the  homogenization  process,  the  clinical  specimen  is  being 
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continually  exposed  to  atmospheric  oxygen.  In  an  anaerobic  quan- 
titative bacterial  analysis,  the  homogenization  chamber  must  be 
purged  of  O2.  Simple  exposure  of  the  chamber  to  carbon  dioxide  prior 
to  homogenization  does  not  prevent  exposure  to  oxygen.  Similarly, 
gassing  the  chamber  via  a catheter  placed  above  the  homogenate  is 
also  Inadequate.  As  a result  of  exposure  to  oxygen,  death  to  the 
strict  anaerobes  has  been  encountered.  Preliminary  bacterial  and 
chemical  studies  suggest  that  gassing  the  chamber  via  a catheter  placed 
within  the  homogenate  at  the  bottom  of  the  chamber  maintains  an  an- 
aerobic environment.  The  Influence  of  this  anaerobic  homogenization 
process  on  the  survival  of  the  anaerobes  will  be  further  tested  during 
the  coming  year. 

2.  Pre-reduced  Diluents  , 

During  homogenization  of  the  clinical  specimen  and  during  serial 
dilution  of  the  homogenate,  a pre-reduced  diluent  is  employed.  Presently, 
we  are  employing  a pre-reduced  salt  solution  that  Is  prepared  in  our 
laboratory  and  Is  relatively  inexpensive.  A pre-reduced  solution  con- 
taining chopped  meat  and  various  ca rbohyd ra tes  which  Is  considerably 
more  expensive  than  the  salt  solution  may  also  be  used.  However,  chopped 
meat  diluent  provides  a more  stable  anaerobic  environment  than  the 
pre-reduced  salt  solution.  The  influence  of  these  solutions  on  the 
viability  of  anaerobes  will  be  determined. 

3.  Pre-reduced  Agar 

The  pre-reduced  diluents  are  Inoculated  into  pre-reduced  agar 
media.  Preliminary  studies  Indicate  that  the  concentration  of  agar 
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In  the  media  determines  the  temperature  at  which  the  media  gels.  When 

the  agar  concentration  Is  2.5%,  the  gel  point  of  the  media  Is  46-48°  C, 

a temperature  at  which  most  anaerobes  will  survive.  When  the  agar 

concentration  Is  raised  to  3.5%  the  gel  point  of  the  media  Increases 
o 

to  65-70  0,  a temperature  that  results  In  death  to  the  anaerobes. 

Further  studies  will  be  Initiated  to  ensure  that  the  gel  point  of  the 
media  will  not  Influence  viability  of  the  anaerobes. 

D . Temperature  of  Environment 

When  tissues  are  homogenized,  considerable  heat  is  given'off, 

raising  the  temperature  of  the  homogenate.  This  exothermic  reaction 

has  been  minimized  by  placing  the  homogenization  chamber  In  Ice  during 

our  quantitation  of  facultative  bacteria!  species  and  obligate  aerobes. 

This  precaution  protects  the  organism  fnSm  heat  Injury  maintaining  the 
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viable  count  of  the  specimen.  However,  this  chilling  of  the  specimen 
may  exert  damaging  effects  on  the  anaerobic  organism.  Dowell  points 
out  that  "specimens  should  not  be  refrigerated  as  chilling  Is  detrimental 
to  some  anaerobes."  The  effect  of  this  short  period  of  hypothermia 
during  homogenization  on  the  viability  of  obligate  anaerobes  will  be 
examined.  r> 

Following  developing  of  this  standard  quantitative  technique  for 
anaerobic  bacteria.  It  will  be  applied  to  experimental  anaerobic  Infec- 
tions, of  the  burn  and  soft  tissue  wounds  and  then  to  clinical  soft 
Infections  as  well  as  burn  wounds  in  humans. 
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I NTRODUCTION 


Burn  wound  sepsis  rex.ains  one  of  the  major  causes  of  death  of  burnt 
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children  as  well  as  adult  burn  victims.  This  entity  is  characterized 
by  progressive  bacterial  proliferation  within  the  burnt  tissue  with  subse- 
quent invasion  into  adjacent  viable  tissue  and  eventually  systemic 
2k 

dissemination.  Invasion  of  viable  tissue  by  large  numbers  of  bacteria, 
usually  gram  negative  species,  is  associated  with  the  clinical 

picture  of  abdominal  distention,  disorientation  and  shock.  The  onset  of 
burn  sepsis  can  often  be  predicted  by  the  bacterial  count  of  the  burn  tissue. 
When  the  quantitative  bacterial  count  exceeds  100,000  (10^)  organisms 
per  gram  of  tissue,  the  clinical  consequences  of  sepsis  are  imminent. 

This  quantitative  relationship  between  the  bacterial  count  and  the  devel- 
opment of  burn  v/ound  sepsis  is  the  fundamental  basis  for  quantitative  burn 
wound  bacteriology.  ;■  • 

Sacterio  log  Ic  monitoring  of  the  burn  'wound  must  take  into  account 
several  parameters:  type,  number,  location  and  antibiotic  sensitivity 

of  the  bacteria.  As  a result  of  numerous  technologic  advances,  these 
bac t e r io 1 og i c data  can  be  made  available  to  the  burn  surgeon  in  sufficient 
time  to  Influence  his  therapeutic  decisions.  The  microfiora  of  the 

p 

surface  of  the  burn  v.ound  and  the  burn  wound  itself  are  examined  separately 

! 

by  different  sampling  technics.  (Table)  For  the  surface  microflora, 
the  gauze  capillarity  technic  Is  employed,  while  incisional  biopsies  are 
used  to  monitor  the  organisms  in  the  burn  wound.  .After  Sc.-pIIng,  sus- 
pensions of  speci.riens  are  created  which  in  turn  are  subjectad  to  direct 
microscopic  measurement,  routine  quantitative  culture  P'-ocsdures  and 


I mmed  iate  antibiotic  sensitivity  testing.  His-tologic  e.^arn  i na  t ion  of 
the  burn  uound  Is  performed  concomitantly  with  this  bac t e r i o log i c exam- 
ination to  determine  the  depth  of  bacterial  invasion  as  'well  as  to 
detect  mycotic  or  herpetic  Infections.  it  Is  the  purpose  of  this  report 
to  review  these  methods  and  to  point  out  their  merits  and  shortcomings. 


SURFACE  BACTE.RIA 


The  surface  of  every  burn  wound  Is  contaminated  to  some  degree  by 
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bacteria.  Frequently,  the  level  of  surface  bacteria  does  not  reflect 
that  of  the  underlying  tissue.  Similarly  the  organisms  isolated  from 
the  surface  may  not  be  the  sa.me  as  the  major  subeschar  pathogens  accounting 
for  burn  wound  sepsis.  Despite  these  drawbacks,  monitoring  of  surface 
counts  is  commonly  employed  in  m,any  burn  centers. 


Monitoring  of  surface  bacterial  counls  can  be  accomp 1 I s hed  by  a 

1,2, it, 7. 10, 11, 23 


variety  of  non-invasive  methods.’"’’'’"’'"  In  these  technics  the 
coefficient  of  friction  of  the  two  Interacting  surfaces,  the  burn  wound 
and  the  sampling  device,  varies  cons i derab I y . When  the  frictional  forces 
between  the  surfaces  are  high,  the  surface  of  the  burn  wound  is  disrupted 
allowing  access  to  bacteria  in  the  outerm-ost  part  of  the  burn  wound.  The 
bacterial  recovery  will  reflect  thi-s  penetration  Into  the  burn  wound  to 


include  bacteria  from  the  surface  as  well  as  within  the  tissues, 


At  our  burn  center,  surface  bacterial  monitoring  by  the  gauze  cap- 
2 


illarity  technic  is  employed  prior  to  wound  biopsy  sampling.  This 
procedure  provides  objective  evidence  of  the  nu.Tiber  and  type  of  surface 
bacteria,  an  index  of  the  potential  for  subsequent  bacterial  invesicn 
of  the  burn  wound.  Since  this  technic  involves  necliaible  :'rictlc-al 


t 

J 
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forces  between  the  sarrpling  device  and  the  burn  wound,  the  bacteria  re- 
covered reflect  surface  rather  then  burn  wound  microbial  colonization. 

This  easily  reproducible  technic  begins  by  neutralizing  the  antibacterial 
activity  of  antiseptic  agents  on  the  surface  of  the  burn  v/ound.  Sterile 
gauze  pads  (2x2  in),  16  layers  thick,  are  then  placed  In  a sterile  100  mm 
petri  dish.  To  this  Is  added  4 to  5 ml  of  sterile  solution  which  thoroughly 
soaks  the  gauze.  Using  aseptic  technic,  the  gauze  is  then  placed  on  the 
site  to  be  cultured.  The  gauze  is  left  in  place  for  five  minutes  after 
which  it  is  aseptically  removed  and  rolled  diagonally  into  a cylinder. 

The  latter  is  placed  into  a sterile  125  ml  Erlenmeyer  flask  containing 
25  ml  of  0.3%  saline.  Agitating  the  flask  for  two  minutes,  allows  the 
bacteria  adherent  to  the  gauze  to  be  suspended  in  solution.  Aliquots 
(O.l  ml)  from  the  original  solution  as  well  as  serial  dilutions  are 

subjected  to  direct  microscopic  counts,  cf.uant  i tat  I ve  culture  procedures 

( 

for  aerobic  bacteria  and  immediate  antibiotic  sensitivity  testing. 


WOUND  BACTERIA 

Biopsy  Technioue 

The  biopsy  procedure  Is  initiated  by  decontaminating  the  burn  wound 

surface  with  a non-toxic  antiseptic  agent.  Using  aseptic  technic,  the 

. 22 

surrace  of  the  wound  is  cleansed  with  an  lodophor.  Five  minutes  later, 
i 

the  iodcphor  is  removed  and  any  residual  agent  inactivated  by  washing 
the  wound  surface  with  a solution  of  0.9%  sodium  chloride  containing 
sodium  thiosulfate  (1%  w/v) . The  surface  of  the  wound  is  then  dried  with 
a gauze  sponge.  Although  others  flama  the  biopsy  to  eliminate  surface 
contami nants , this  decontami nat ion  procedure  should  be  done  cautiously 


s’nte  h'-at  may  kill  significant  nu'^b-fs  of  bacteria  .-.Ithin  the  biopsy 
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The  biopsy  Is  perforned  by  excising  a 2 cm  x I cm  sample  of  eschar 
which  weighs  approximately  0.5  gm  (Fig.  l).  The  bacterial  counts  In 


tissue  of  this  size  or  larger  are  sufficiently  high  to  be  readily  sus- 

, Ii^ 

ceptible  to  bacterial  quantitation  by  the  rapid  slide  technic.  Vhen 


smaller  specimens  are  subjected  to  rapid  slide  measurements , the  total 

bacterial  count  susceptible  to  quantitation  is  considerably  diminished 

limiting  the  reliability  and  accuracy  of  the  technic.  Incisional  biopsies 

of  the  burn  eschar  only  rarely  produce  bleeding  that  is  not  controlled 

% 

by  digital  pressure.  Local  anesthesia  Is  seldom  required  In  this  biopsy 
procedure.  Biopsy  samples  for  either  aerobic  bacterial  quantitation  or 
histologic  examination  are  transported  I m.med  i a t e 1 y to  the  laboratory  in 
sterile  glass  tubes.  Special  anaerobic  containers  are  employed  for 
specimens  that  will  be  subjected  to  anaerobic  bacterial  Isolation  and 

9 

culturing.  , 

AEROBIC  BACTERIAL  QUANTITATION 


The  specimen  Is  processed  within  1 hour  of  Its  procurement.  The 


biopsy  is  weighed  and  then  suspended  in  a measured  amount  of  0.3%  saline. 


12  15 

The  tissue  may  be  macerated  with  a knife,  ’ but  a simpler  approach 


is  tissue  homogenization  using  a sterile  rotor  knife  blade.  Curing 


ho.TOcen  i za  t ion , the  tube  containing  the  bacterial  suspension  should  be 

, o 9 


irTi.mersed  in  a 4 C ice  water  bath.  This  ice  water  mixture  provides 
efficient  i-oolinc  of  the  homogenate  .maintaining  Its  temperature  below 
a level  that  could  result  in  hyperther.mlc  injury  to  bacteria.  The  homo- 
genate is  then  p'Qcessed  by  direct  microscopic  examination,  quantitative 
culture  procedures  for  aerobic  bacteria,  and  i .m.t.ed  late  antibiotic  sensitivity 


J 
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testing. 

After  making  serial  dilutions  of  the  homogenate,  aliquots  of  the 

diluted  and  undiluted  solutions  are  Inoculated  on  blood  agar  plates  (3AP) 

and  eos in-methylene  blue  (EMS)  media  containing  an  indicator  dye,  eosln- 

methylene  blue  mixture,  which  provides  an  indication  of  the  number  of 

o 

Entercbacterlaceae  in  the  specimen.  The  plates  are  Incubated  at  37  C 

for  24  hours  before  colony  counts  are  performed.  An  appropriate  plate 

with  non-confluent  growth  containing  between  30  and  300  colonies  is 

% 

selected  for  colony  counts.  The  results  are  reported  bacterial  count 
per  g ram  of  tissue. 

Frequently,  we  supplement  these  bac te r i o 1 og i c studies  with  histo- 

16,20 

logic  examination  of  the  burn  tissue.  The  tissue  is  examined  for 

depth  of  microbial  penetration,  presence  of  an  Inflammatory  response, 

P 

evidence  of  microbial  invasion  of  viable  tissue  and  i dent i f i ca t Ion  of 

( 

blood  vessel  involvement.  Using  the  histologic  criteria  described  by  Pruitt 
20 

and  Foley,  the  diagnosis  of  invasive  burn  v.'ound  infection  can  then  be 
made.  Histologic  examination  of  the  burn  wound  is  particularly  valuable  in 
the  diagnosis  of  fungal  infection.  Mycotic  infection  of  the  burn  wound 
is  established  solely  by  histologic  criteria  since,  with  the  exception 
of  Candida,  culture  isolation  of  /ungi  has  a low  yield  and  is  time  con- 
suming. The  value  of  histologic  examination  of  burn  tissue  is  also 

5 

of  great  value  in  the  detection  of  herpetic  lesions. 


A^i;ERC3IC  -bacterial  CiUAN'TI  TATICM 

Whenever  dead  tissue  is  present,  anaerobic  infections  Ciay  occur. 
Anaarcbes  have  considerably  different  requi raments  for  ana  a rob  I cs  i s . 
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Some  grow  on  the  surface  of  a solid  media  in  the  presence  of  air  while 
others  are  unable  to  grow  If  the  atmosphere  contains  as  little  as  0.3% 

o.xygen  or  certain  oxidized  medium  constituents.  Considering  this  spec- 

trum  of  aerotolerance,  the  methods  employed  for  Isolation  of  aerobes 
In  burn  wound  specimens  must  allow  recovery  and  quantitation  of  the 
1 east  aerotolerant  organisms. 

Since  many  anaerobes  can  not  tolerate  even  a very  brief  exposure 

to  oxygen,  the  biopsy  specimen  should  be  obtained  with  minimum  exposure 

to  air.  The  tissue  specimen  should  be  transported  im.mediately  In  an 

6,26 

anaerobic  tube  or  container.  Isolation  and  quantitation  of  the 

anaerobes  is  accomplished  under  anaerobic  conditions  in  a glove  box. 

During  anaerobic  homogenization,  the  sample  is  suspended  in  a measured 
amount  of  a pre-reduced  salt  solution  which  is  also  used  for  the  serial 


8 

dilutions.  Aliquots  of  the  undiluted  homogenate  and  I ts ,d i 1 ut ions  are 
then  added  to  tubas  of  molten  (50°  C)  pre-reduced  brain  heart  infusion 
media  containing  2.5%  agar.  Media  containing  more  than  2.5%  agar  melts 
at  higher  temperatures  which  result  In  an  irreversible  hyperthermic  injury 
to  bacteria.  The  pre-reduced  media  as  well  as  the  diluent  contain  aqueous 
reazurin,  an  oxidat ion-reduct  ion  indicator  of  anae rob ios i s . In  Its 

r 

reduced  form,  it  is  colorless,  an  indication  of  an  anaerobic  environment. 
When  the  system  Is  exposed  to  traces  of  oxygen,  the  reazurin  is  oxidized 
and  imparts  a distinct  color  to  the  media  or  solution. 

The  inoculated  tubes  are  then  placed  in  a spinner  and  rotated  about 
their  lo.ng  axis.  As  the  madia  cools  during  tube  rotation,  the  bacteria 
are  suspended  in  a thin  film  along  the  wall  of  the  tube.  After  incubation 

i :s 


at  37°  C und.er  anaerobic  conditions  for  24  to  ^3  hours,  the  colon 


7 


are  counted.  Individual  colony  tupes  are  Itolsted,  subcultured  and 
Incubated  under  aerobic,  10%  CO2  and  anaerobic  conditions  to  determine 
If  the  Isolate  is  in  fact  anaerobic  and  not  facultative.  The  colonies 
growing  on  plates  incubated  in  10%  CO^  and  aerobic  conditions  are  con- 
sidered mi croaerophi H c . At  this  point,  the  laboratory  reports  to  the 
surgeon  on  the  presence  or  absence  of  anaerobes  or  mic roaereph i les  and 
indicates  their  morphology  and  g ram  staining  characteristics.  (dent i f ica t ion 

and  antibiotic  sensitivity  testing  of  the  anaerobic  isolates  are 
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determined  subsequently.  -v 

SLIDE  TECHNIC 

The  rapid  slide  technic  consists  of  a direct  microscopic  measurement 

14 

of  the  tota  1 number  of  viable  and  dead  bacteria  in  the  suspension. 

The  major  advantage  of  this  technic  is  the  speed  with  which  the  results 

are  available  to  the  surgeon,  within  20  minutes  after  biopsy.  In  this 

measurement,  a designated  amount  (O.Ol  ml)  of  the  undiluted  suspension, 

nomogenate,  and/or  a serial  dilution  are  spread  uniformly  over  a dileneated 
2 

1 cm  area  of  a glass  slide  which  then  is  placed  on  a warmer  to  dry  the 
smear.  (Fig.  2) 

13 

The  smear  is  then  subjected  to  the  improved  Gram  stain  technic 
developed  In  our  laboratory  (Fig.  3).  This  technic  provides  a more  re- 
liable and  Accurate  method  of  d i f ferent i a t ! ng  gram-negative  from  gram- 
pos'itive  organisms  than  the  convent  Iona  1 Gram  staining  procedure.  The 
major  pitfall  of  the  ccnventlcnal  technic  Is  that  g ram-pos i t i ve  organisms 
are  too  easily  decolorized  by  alcohol  and  judged  to  be  gram-nega t i ve . 

In  the  improved  method,  fixation  of  the  bacteria  is  accom.p  i i shed 
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by  the  addition  of  methanol  onto  the  surface  of  the  warm  slide.  Bacteria 
fixed  by  methanol  are  more  resistant  to  decolorizat ion  than  are  bacteria 
fixed  by  drying  or  heat.  When  the  methanol  evaporates,  the  slide  is 
then  flooded  with  buffered  crystal  violet,  which  Is  allowed  to  stand 
for  60  seconds.  The  primary  stain  is  then  poured  off  the  slide  with  the 
iodophor  nx)rdant.  The  slide  is  then  flooded  with  more  mordant  that 
remialns  on  the  slide  for  one  minute.  The  aqueous  mordant  I^Kl  employed 
In  the  convent  Iona  1 technic  is  unstable  and  rapidly  loses  Its  iodine  content 
duiliiy  storage.  The  degree  to  which  iodine  is  lost  Is  Increased  by 
elevating  the  room  temperature  and  repeated  exposure  to  the  environment. 

As  the  concentration  of  Iodine  in  the  mordant  solution  Is  reduced, 
bacterial  smears  become  susceptible  to  deco lo r I za t ion . The  problems  of 
loss  of  iodine  from  the  mordant  can  be  remedied  by  employing  an  iodophor 
as  the  mordant.  This  iodine  complex  Is  stable  and  has  a long  shelf  life. 

I • 

The  slide  Is  then  decolorized  uniformly  with  3S%  ethanol  until  the 
solvent  flows  colorlessly  from  the  slide.  Deco lo r i za 1 1 on  of  the  smear 
usually  takes  5-10  seconds.  Excess  alcohol  is  removed  by  rinsing  the 
slide  with  water.  The  counter  stain,  safranin,  is  then  added  to  the 
slide  for  60  seconds  before  it  is  v;ashed  off  with  water.  Each  slide  is 
allowed  to  dry  and  Is  examined  undciT  oil  Immersion  using  a 1 OOx  objective. 


Ten  separatj3  fields  of  each  smear  arc  examined  and  the  avt;rage  number 

of  bacteria  per  field  are  recorded.  The  average  number  per  field  Is 

2 

multiplied  by  the  number  of  fields  In  the  one  cm  area  (i-OGO)  giving  the 


total  number  of  bacteria  In  the  0.01  ml  aliquot  of  the  undiluted  susptr.nsion. 


r,h  i s number  Is  multiplied  by  50  if  the  original  suspension  vo  i ume  v.c  s 5 ml 


to  give  the  total  number  of  bacteria  in  the  suspension  (Fig.  3).  V.'hen 
the  number  of  bacteria  in  the  smear  of  the  undiluted  suspension  is  too 
numerous  to  count,  the  number  of  bacteria  per  field  In  the  first  tenfold 
suspension  dilution  is  checked.  In  these  cases,  the  dilution  factor  of 
the  ho.mocenate  is  taken  into  account  in  the  final  calculations  of  the 
nu.Tiber  of  bacteria  in  the  undiluted  suspension.  The  shape,  gram-staining 
characteristics  and  number  of  bacteria  per  sample  size  are  reported  In 
the  final  results  (Fig.  4). 

The  rapid  slide  technic  gives  accurate  and  reliable  measurement 
Vshen-.OO  or  more  bacteria  are  in  the  O.OI  ml  suspension  delivered  to  the 
s 1 ide!>l-b’riCo  rgan  i sms  per  gram  of  tissue).  When  less  than  this  number 
of  bacteria  are  added  to  the  slide,  bacteria  are  not  detectable  on  p'lcos 
£v  i i-r  I r:  5 •.  on  . 

The  developmicnt  of  this  technique  does  not  replace  quantitative 
serial  dilution  and  plating  technics.  These  latter  technics  are  always 
performed  concomm i tan t 1 y with  the  rapid  slide  technic  since  they  allow 
speciation  of  the  pathogen  and  antibiotic  sensitivity  testing, 

IMMEDIATE  ANTIBIOTIC  SENSITIVITY  TESTING  DISKS 

Rapid  antibiotic  sensitivity  testing  is  performed  under  aerobic  con- 
ditions directly  on  the  bacterial  suspension  prepared  from  the  clinical 

specimen  rather  than  on  single  strains  of  bacteria  isolated  from  the 
25 

tissue.  Performing  the  antibiotic  sensitivity  test  directly  on  the 
tissue  sample  allows  the  burn  surgeon  to  receive  the  test  results  seven 
hours  after  receiving  the  specimen  rather  than  3^-52  hours  later,  a 
tire  delay  jncountered  with  the  conventional  technic.  Use  of  this 
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modification  employed  does  not  altar  triost  of  the  standards  recommended  by 
the  Food  and  Drug  Adm i n i s t ra t i on  since  there' is  no  inclusive  change  in 
the  medium,  agar  depth  or  the  antibiotic  sensitivity  disc.^ 

Aliquots  of  the  bacterial  suspensions  prepared  by  the  previous 
procedures  are  streaked  in  three  directions  onto  the  surface  of  Mueller- 
Hinton  agar  plates  (5x150  mm)  using  sterile  cotton  swabs.  After  a three 
minute  delay,  antibiotic  discs  are  applied  to  the  surface  of  the  agar 
with  an  automatic  dispenser  and  pressed  onto  the  surface  with  sterile 

■V 

forceps.  After  incubation  at  37°  C for  seven  and  for  13  hours,  the 
zone  of  Inhibition  around  each  disc  is  measured  with  a ruler.  The  zone 
diameters  as  recommended  by  the  Food  and  Drug  Adm i n i s t ra t ion  are  used 
to  interpret  the  susceptibility  of  the  bacteria  to  the  antibiotic. 

In  prelim.inary  clinical  and  experimental  studies,  the  changes  in 

9 

the  test  necessitated  by  using  the  clinical  suspension  did. not  alter 

significantly  the  interpretation  of  the  antibiotic  susceptibility.  Even 

6 Q. 

when  larger  numbers  of  bacteria  were  present  in  the  suspension  (10  -10"'), 
variation  in  the  inoculum  size  did  not  appreciably  change  the  results  of 
the  antibiotic  susceptibility  tests.  Reducing  the  standard  Kirby~ 

Sauer  antibiotic  suscept ib i 1 i ty  test  to  seven  hours  a ’ so  did  not  limit  the 

r* 

accuracy  of  the  test. 

As  exfiected,  the  variable  mrOst  difficult  to  standardize  is  the 
heterogenous  inocula  containing  large  numbers  (10  ) of  d'lfferent  organisms. 
A zone  of  Inhibition  Interpreted  as  sensitive  with  one  organism  was 


occasionally  masked  by  the  presence  of  the  confluent  growth  of  another 


organism  '.-<hose  zone  of  inhibition  v/as  considered  resistant.  We  did  not 

encounter  the  circumstance  in  which  a number  of  sensitive  species  gave 

reactions  interpreted  as  resistant  vvhen  tested  in  combination.  However, 

even  in  these  cases  it  is  possible  that  the  results  of  .mixed  culture 

sensitivities  may  provide  the  .most  valid  information  in  treaLing  mixed 

Infections  since  they  most  closely  simulate  the  clinical  situation. 

The  merit  of  direct  antibiotic  sensitivity  testing  of  clinical  specimens 

must  await  further  experimental  and  clinical  studies  In  which  the  results 

% 

of  this  proposed  sensitivity  test  are  shown  to  have  so.me  co r respondence 
with  the  clinical  response  to  treatment. 


.^NTI.MICROSIAL  CRE.^.HS 

.'^or  an  antimicrobial  cream  to  be  effective  against  the  organisms 
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proliferating  in  the  burn  wound  the  agent  must  exhibit  an t i bac t e r I a 1 

15  ‘ 

activity  against  the  major  pathogen.  Nathan  has  recently  devised  a 
twSt  which  measures  the  susceptibility  of  the  burn  wound  pathogens  to 
commercially  available  antimicrobial  creams.  This  an 1 1 .m i c rob i a 1 sensi- 
tivity test  is  essentially  a modification  of  the  agar  cup  diffusion  test 
for  antibiotics'.  Measured  amounts  of  the  crea.ms  are  delivered  into  the 

P 

center  of  holes  on  an  agar  plate  (standard  brain  heart  infusion  medium). 
The  bacterial  suspension  is  then  added  to  melted  agar  (AS  C)  which  is 
poured  Into  the  center  of  holes  on  an  agar  plate  containing  the  anti- 
microbials to  be  tested.  The  contaminated  fluid  agar  overlay  solidifies 

o 

within  One  m.inute.  The  test  plates  are  inverted  and  incubated  at  3/  C 


This  an 1 1 m i c rob ia I test  provides  an  in  v i t ' o system  ro  study  the 
pha  rm  acok;  ' 1 i cs  of  a designated  cream.  Using  titis  test,  t'r  ..t’Iu 


I 
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of  the  carrier  on  the  activity  of  the  cream  can  easily  be  appreciated. 

Some  carriers  limit  the  antibacterial  activity  of  the  an  t im  i c rob  i a 1 =g'e''.c 
while  others  permit  maximal  activity,  {rig.  5).  T'"£  clinical  value  cf  bbi! 

the  burn  surgeon  in  the  selection  of  an  appropriate  antimicrobial  cream 
for  use  against  a specific  pathogen  is  less  certain.  This  uncertainty 
will  be  resolved  when  standards  are  developed  similar  to  those  for  the 
disk  sensitivity  tests  that  can  be  used  to  interpret  the  susceptibility 
of  the  bacteria  to  the  antimicrobial  cream.  However,  It  is  important  to 
point  out  that  s tanda rd i za t i on  of  this  cup-acar  diffusion  test  may  be 
more  difficult  than  the  disk  test,  particularly  when  clinical  specimens 
are  employed.  The  inocul  jrr,  size  and  the  length  of  incubation  of 
clinical  specimens  significantly  influence  the  interpretation  of  the 
results  of  the  agar-cup  diffusion  test,  a circumstance  rarely  encountered 
with  the  disk  test  (Fig.  3A  and  B) . ( 


I 


IN.-,  'MEASURES  CF  THE  BACTERl.i^L  COUNT 

Several  indirect  measures  of  the  wound  bacterial  count  are  available 
to  the  burn  surgeon.  Examination  of  burn  wounds  with  a Wood's  lamp 

13 

allows  the  clinician  to  identify  early  pseudo.iionas  infection.  A 
fluorescent  pigment  is  elaborated  b/  many  pathogenic  strains  of  Pseudomonas 
aeroj  i nosa  dnd  Is  detectable  under  long-v,-ave  ultraviolet  light.  The 
point  at  which  fluorescence  is  seen  upon  the  wounds  of  the  burn  patient 
in  a partially  darkened  room  is  .app  rex  I.ma  te  1 y 1,000  bacteria/  cm.^  It 


density  at  v.hlch  invasive  burn  wcu.-.d  sepsis  occurs.  T.h  i s i.-'C'-ediate  and 
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in  some  patients. 

The  "take"  of  skin  grafts  on  the  surface  of  granulating  burn  wounds 

21 

is  another  rather  reliable  indication  of  the  wound  bacterial  count. 

When  the  bacterial  population  is  10  or  fewer  organisms  per  gram  of 
tissue,  autografting  with  split  thickness  skin  is  almost  unifo'-mly 
successful.  Skin  homograft  also  successfully  "takes"  only  when  the 
colony  count  was  10  or  less  per  gram  in  the  tissue  biopsy. 


SUMl-tARY 

A comprehensive  picture  of  the  burn  wound  microflora  is  now  possible 
as  a result  of  recent  technologic  advances.  The  microflora  of  the  burn 
wound  can  be  characterized  with  respect  to  its  number,  type,  location 
and  antibiotic  sensitivity.  These  parameters  can  be  measured  In 
sufficient  time  to  influence  the  decision  of  the  burn  surgeon.  The 
microflora  of  the  surface  of  the  burn  wound  and  the  burn  wound  itself 
.are  examined  separately  by  different  sampling  technics.  For  the  surface 
microflora,  the  gauze  capillary  technic  is  employed,  while  incisional 
biopsies  are  used  to  monitor  the  organisms  In  the  burn  wound.  After 
sam.pl  ing,  suspens'ons  of  the  specim.ens  are  created  which  in  turn  are 
subjected  to  direct  microscopic  measliremient , quantitative  culture  pro- 
cedures and  j Immed i a te  antibiotic  sensitivity  testing.  Histologic  exam- 
ination of  the  burn  wound  Is  performed  concomjnl  tant  1 y with  this  bac  t e r i o 1 og  I c 
examination  to  determine  the  deoth  of  bacterial  Invasion  as  well  as  to 


detect  the  presence  of  either  mycotic  or  herpetic  infections. 


i 


Figure  1. 

Figure  2. 
Fig-ui-e  3. 
Figure  4. 
Figure  S, 

Figure  6. 


LEGEXTS  FOR  ILIiJSTPATIONS 


Ttie  Lncisicnal  biopsy'  is  perforrred  by  excising  a 2 era  x 1 cm 
sample  of  eschar  (A,B).  Biopsy  specirrens  for  eith;er  aerobic 
bacterial  paantitation  or  histologic  e:<aTu_nation  are  ti'arisported 
imrediately  to  the  laj^cratory  in  steu'ile  glass  tubes.  Sp>acial 
anaerobic  containers  are  erployed  for  specimens  that  will  be 
subjected  to  anaerobic  bacterial  isolation  and  culturing. 

Calculation  of  the  results  of  the  rapid  slide  measurecpant . 

Iiproved  Gran  stain  technic. 

Morphologic  and  gram  staining  characteristics  of  bacteria. 

Ibe  ca^rriers  in  the  antimicrobial  creams  e:-:ert  considerable  in- 
fluence on  their  antibacterial  activity. 

The  inoculum,  size  (A)  and  the  incubation  tame  (B)  have  consid- 
erable Lnfluance  on  tiie  interpretation  of  the  results  of  the 
sansitivitv  tests  with  antimicrobial  creairs. 
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